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A STUDT OF CP! Ta.L XCILATCR CIRCUITS

Signal Corps Contract No. LuA-36-O39-sc-64609

The purpobe of this project was to develop unaJ,. . - and

suuc Lgc,. q. of operofio. for VXF crystal o.cillators and to develop

a method for the design of crystal oscillator circuits to be used in the

frequency range vf 0.8 to 150 mc. This d-sign method in applicable for us*

by designers of electronic equipment which requires the ue of crystal

,"cillators for frequency control.

The program T-a" earried o-at in sevrrel pheass; a study of +,he

applicable literature, selection of circuits showing the nsot desirable per-

f'.anco characteristics, experimtar l verlf£c , aon o: circuit performance,

selection Of circuit* for detaLid dptig, .. udiee, determination of

operaton for - wide variation in compmnt values, and de"l$mmt of a

design m-thod for VJ{" crystal oscillators.

Circuit design data was also obtai rw5,; oscillators in the 10

to 75 mc rane ano cuauuwd with ;-,at availale for antiresonant circuits

in Ue range 0.8 to 20 ac. This was then coordinated to yild a method of

design for crystal osciilators over the comlet. 0.9 to 150 mc frequency

range. Feaaibility of circuit operation at f.eq r'iles up to 200 me was

Salso inveitigated.
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A S7113 OF C0 ST&L 0SC4 UAT CIRCUIT

Signal Corp* Conztct No. DA-36-039-sc-6469

ABSTRACT

A coplete design method for crystal oscillators operating rover

the 0.8 to 150 mc frequency range Is presented. Investigation of a variety

of series retnant oscillator circuits is described in detail, covering

various aspects of per-rmaew charactarisxiua. The criteria used to

select the Grounded Grid and Cathode Couplea Uircidta fur detailed invest-

igation are given. In addition, the re asons for selecting the Capacitance

Transformer Coupled oscillator. a circuit. aeveloped during the contract

period for nee with sub-ini-,ture tubes, are discused. Loop gain eauations

are developed for several !ircuits and relative serits of the circuit- are

analyzed V use of the equations, supported b experimental results.

The development of the design method in reviewed, ehowing the

resv. ting establishent of rel'erence circuita for &%ch onciiiatcr type,

I capable of operating over the frequency range a.ad plate supply voltagee,

and having 4eilrable parfo--anc. c.h-- acterist cez By varying -ircuit "a-

j ponent &M parater values, me aur\mnwts of the resulting performance

changes were obtained and plotted. Dy normalizing these graphs with respect

ii to the reference circuit compcnent values, a set of curves were obtained

range of operating c ond1 itions

Finally, a campite deal method, in the form of graphs and

ttables, is presented for the two a eries resonant osciiiators operating in

1the 10 to 150 ac frequency range. Diesigi inforvatiM is also gi.wn for the

* : ~ c a S i .2ci FOC 0". ZD F 0. C; . HTT OF TICWHO(OGY
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Grounded Grid and Capacitance Transformer Coupled oecillators, which

operate with sutksiniature directly heated cathode tubes, over the frequency

range of 75 to 150 mc. Lhree antiresonant circvaie, nm uulpitts (Grounded

Plate Pierce), the lectron Coupled Colpitts, and the Miller oscillAtor.,

have been ia'eetigsted. Together with information alread' available from

a pravious contract with Wright Air Development Center on Colpitte

oscillators, a design method for these circuits is presented to cover the

0.8 to 20.0 mc frequeniy range. Ccaplete circuit descriptions, construc*.on

dotails, tuning procedure, design examples, -id performance information

(wilch includes frequency stability, frequency-temperature effects, and

harmonic content) are given.

Y.irformance of the two series resonant circuits at frequencies

up to 200 mc is included. However, design informtion is not established

above 150 mc.

9 C U LI I %lLCL 4 . 1 S I T UTt OF TFCCNO O GY
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A STUDY X CRYSTAL OSCILIATCR CTRCJITS

PUBLICATIONS,.ATUM XZ kRPOTS AND3 roNWNCZ

T"., The following infcrmation applies from 15 May 1955 to Lb Auust 19571

PUBLICATIObS, A paper, entitled "The Rffect nn the Frequency of VHW
Crysral Ocillat-)rs Resulting Frcm the Use of a CoMeneating
Indu.ance", by H. 1. Oruen and A. 0. Plait, was presented
to th. AaIalE. 1956 Techne1_ Paywrs Cnnteot an I Apr4I 19cb.
and wv awarded Second Prise.

IBCTUR38, Papers ter presented at both the Tenth and Ileventh
Frequncy Control Symosia bv H. R. Gruen, at Aebury Park,
New Jersey. The fire, entitled "Design Data fo Crystal
Oecillatnru,", was given on 16 May 1956. TIe second, entitled
"Desi7 Criteria for Vacuum Tube Crystal Oscillators, was
given on 9 May 1957.

R-00a'TS: None

CO ,IF I The follovinZ dates and place* refer tc project conferenes
held during the cousee of this program. Minutes for eacn
melting were prepared and subwt ' d to the U. S. Army Signal
&"glneering Labora'.orite er are -n ile for rifer,,,:

Data Place

ii L .. . nrt

6 October 1955 AF

5, 6 Jinuarv 1,9% USASEL

23 March 195, USASIL

1 2 Aust5-"

30 October 1956 USASEL

12, 13 Febru~i.7 :05' ARF

22 March 1957 TISASEL

26 June 1957 A

V -,



?ABIE OF LMMLk?rN AND SThMLE

A 7oltagev AuTplificatio. Facior

B. Plate Sucoplj voltage

cc Cathode Cn ;,Ipled os~ac-tor

C eedback Capacitr

C go rid-to-Cathode Capaci~tor In the Cathode Pcilower Stage
(CC oeoillst.4r0

cc Cr7utal Shiw. Capacitance

c Plate Capacitance

C Plate Capcito'r

CTC Capacitance Traneforaw Compled oscillator

C ?otal Cryvtal lcad Capacity (- C2  C C2 C3 /(C2 * C 3 ) 32 ufd)

C. Orid-to-Orowi Capacity Across Crystal, or Series Arm Crystal
i Capacitance

C 2  Orid-te-Cathode Capacity

C 3 Cathlde-to-Cr-Awi Capac it,

I a Grid-to-Catlicde Bias Voltage (4c)

2Rectra Gornpled Colpit*.e oscillator

* - U~FaItOWt voltage

r r=e U-id-to-Cattode Voltage

YPsatt ac Grid-to-Cathods Voltaff Wing =9~

ex rue Crystal Voltage

f ?rmiuecy

f Crystal kntiremonant Frqua.'y

f 04e1.lla operating ?z'e4-r.:y Rawaltig F-, a Chean&*
inD. frame noral .

-rvi-



ff Coicillator Cpratir4 Preusey Revulting f'r= a Change
f in 9 f from normal

fn Woeirna Crystal Froquency

f 0 Oseillator Operating Friqu1ency

f r Cryst-al Swrics Re.onant Frequency

f 9 Crystal Series Ane 1ResonAmt Frequency

o knplitier, Stage or Loop Gain

91, Tube Trartconuctanc.

Sp Plate Current

k Induactive Couplin~g Coefficient

9 idO

L Vfetlvv Antireonant Inductanc* of Crystal

LkCathode ?ging In~ductance

Lp Plate Tuning Ind~uctance

L a Indiuctance of Transformer Secondar.-, Winding

L Crywt&2. Series Compensating Indiuctance

VT'ea ! hwn.t Cnioeating Iniductahe

L, Iaakeg. Indectanca of Transformer or CrystAl Sories Arm Inductances

II010

n Order (,f CryTqali OT@ertone

I Transformer Turn@ Ratio

It Normalized Crrui t P. rformabe Farameter

MR Normalized Circult Ccwponent Value



p Power Outpu*
0

pPM 'Parts Per Million

p Ratio of P to Pr C x

p Cryivta Drlvrg ?c-,.rI

Coil Quality Factor (-aL .)

r Ratio of C to CI of crystal

Re Rosiatance of Crystal at lntiresonanee

r Equivalent ac Orld-to-4athode R=I-tance of a Tubs

R Grid Bias Resistor

R C R of a Cathode Follr'vr Stage

R 9 ! zG a Grounded Grid Stags

R k Cmthode Bias Resistor

R m R k of a Cathode Follower Stage

aRk Rk of a Grounded Grid Stage

r ac Load Resistance

R. 71d Resistoi

r Plate Resistance of a TubeP

R, Soria@ Arm Resimt&Mv of..."

T Number of Coil Turns

I- Caoacitive Reactance (- 1/, C)

I L Inductive Reactanze (- aL)

7. Load Imedance

a fb 9tability Figure fnr Changes In B, (- f - in pp)n

A f 3 Fbility Figure for angies in a( (f f ) /f !f f 0 f fnin ppa)

f. OcillA.tor Frequency Correlation Figure (- to - feV! in
'1

-$)/f _ ii --p.

I C 00C



skT TUP Point on Tra,.aformor, in turns

Angular FrvquOTc:7 f- rs1amw per $swet-n)



A tUDT OF CR"'TAL OSCILLATOR CIR T.

I. IqTRON C TION

Tvis is the final report ,n ARI Project No. 3--O1C, entitled "A

Stury of Crypttl qcillator Circuits". This prograr i- conducted for tVe

Frequency Cont--l Barnh of tho U. S. Ariy Signai ngineering lAboratories,

under Contract No. DA)6-O39-ec-6L609. The initial contract dates wvr from

i< M.y 195 to IL, May 29<e. This was later extended to li Jugust 19C7.

The need for precise frequency control in modern military communi-

cations ecuipment and stable sources for UHF and microwave frequency .thbili-

zati, n hap Iefd 'o con.idt -able investigation of piezoelectric quartz crystals

and their appicati, n in practical oscillator circuit,. With the succesful

nroduction of thickne.s-shear mode, high frequency, series-reonant crystal

unit!, it has become necenrery that the designer of electronic equiment

utilize these units in pr&ctical oscillator circuits, thus eliminating

froiiency mult'liper stages which rrquir-' additional -over an, -pace. An

ipmynrt.ant additionai requirement of these circuit, Is that they remain stable

fc w1id variatr ol norat.ing ernndltionn.

It has beer the pu-pose of thir program to develop usable circuits

and Round techniques of operation of the VH crystal oscillators, and to

develop a mthod of deslgn of crystal oscillators to be used in the frequency

range of 0.8 to ]O me. A ;traightforward design approach for cirruits of

this type Rhould prove e t.reielj useful to designers of electronic equipment

r Nqu-ring crystal oscilator- for frequoncy control.

The Initial tecriz-al requirements called for the 'v~lopment of

" Tl)U :1 5e 1 -f?'A~ i L' p ~ L V Iq I ~

*II, !~S-~... '.VA X ,~'V' ~!CAOO



rarge. Later, the contract was revised to include the development of design

performance data for antiresorvnt oscillators, covering the range fro 0.8

in ;() me, wag to be I corported int- th- mverall program to provide

oscillator design data for the entire range of 0.8 to 150 mc. Data for the

antirescriant circuits was taken primarly from the results of a previous

program, but was rechecked and extended to cover the necessary frequenc-y

range.

The design of practical crystal oscillators has been approached

by many designers on a cut-"nd -try tasas. Mathemtic;l design procedureb,

although possible if all circuit characteristics are known, are so complex

t th ueir u 1 i a ,,ot practical. The analysis in often simplified by making

various assumptions to the point where little quantitative toformAtion re-

mains. The information presented here correla r-1 the two approaches. A

cimple linear loop gain analysis yielded qualitative infomation whic? as

supplemented by performance measurements to provide quan.ative information

for the design graphs.

A number of crystal oscillators wrtre investigated to determine 
t hose

circuits havlng the most desirable performance ch.racteristics. The selected

circuits, which were the Grounded Grid dnr the Cath de Coupled series re-

aonant oscillators and the Cclpitt (Grounded Plate P.erce), Electron

Coupled Colpitts, and the Miller anti-rescinant circuits mar, then analyzed

to determine specific characteristics over a wide range of operating con-

ditions. A asngle circuit Configuration for each os ..... .. tp6 was

chosen to operate over hranrid f- y' v c- t

ponents through a range of values and saasuring the resultant performance,

4 complete set of design ! ,ta was ottatned.
-0 t 0 G



I
The design display for the weries resonant circuits resulted from

I the generaliaeton f perfornnce characteristics over the range of fre-

qumncles and plate supply voltage. Once the performance of the circuits

was determined, output voltage, vtput power, crystal power, and circuit

coamponent variation characteristics 5Z-, norwalised %.wi respect to thi

recomended circuit values.

TThe fol1I-wn tectime of this9 r~pprt discuss the result@ of the

literature survey and performance comarison upon which the selection of the

most desirable ci- uite is based, preliminry desig inforation, and the

* design format develousent. The final section details the design method

and pro'vides design examples of each circuit type.

In general, output voltage predictions are within 20 per.:at of

tAe values indicated for specific oecillAtor circuit desigms. *-vetal

* dri- prediction accuracy is within 30 percent. This latter figwe is

L-s*d on measurement4 if rryi-t-al volt.aCe and assd resistivt operation of

the crystal.

Additional studies of the selected series resonant circuits were

made to dsteralne the feaaibility of their use up to 200 mc. Performance

* measurements reveaL.d lower output mod a me critical tuning procedure.

A- R a



II. SURVEY AN) 31ACTION OF CDCUI7

The program fcr selection of the beet avaijable circuits in

development of operational techniqune in the 75 to 150 mc frequncy range

was initiatd with a survey of the llterotare to determine the circuits

applicable for twe at theee frequencies. This initial survey revealed a

total of twelve circuit types which we know to have bpm used or iuviet-

!..a for me at fv qW emle aboe 50 me. The majority of theoe are erie

resonant types. Two are antiremonat types and m utilizes an impedance

inverting netwom to transform the low 9ertes-reeenart impedance to a

high Impedance for operation in the conventional antireonant circuits.

b sic schematics of these circuits are shown in Pip. I through 12.

The Cathode Coupled circuit snown In Fig. I consists of a grounded

prid amplifier driving a cathode follower. The crystal operatee at ceries

reonace between the two catbodws, and form the upper am of a veltage

divider. The lowr arm consists of the amplifier input impedance where

the bfevck- w;.!tLge is developed. If all stray capacities are cm-

C..** *nd t.. he .. l.*---I in +.Ad *o ..+t-nc 4- the -lM .

quency, the crystal will operate at series resonance. When this circuit

is tuned !C- MAIN-Mm voltage otpt't or peak griu current the operating

frequenycv ncreaseo with increasing QP" and iapedluce of the plate tank,

w&.d '1--- .!t*U U- -e

Aj a result, at frequencies in the range of interewt, operation will

normally be below series resonance with uncompensated cathode cpacitiea since

nigh Impedance tank circuits are irlffcult t, obtain in the average tuned

circuit above 75 me. The catb.xie foiumowr can be designed to pryuide z-ero-

phase shift by propa- balance of the grid-to-cat-hode and csthode--to-xr-vd

a SM 0 C. 0 A r S 9 A C M F 0UWk) TIO N OF ILI .I I TI TUTG OF C & C C O O<Q
V
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capacitiee. This circuit provides moJerate power output at luw crystal

drive levels and is a relati~ely simple circuit to adjust at frequenciev

up to .-0 ac. The greatsst disadvantage of this type is that two tubes

are required, and even t?- trin triodes are available tne freater noWer

r.quirement is a distinct disadvantage.

The Trawmfomr Coupled oscillator of Fig. 2 consists of a

.rousdmd a.thode am--ilier imn a twmd-p,-- t e * '-d-grid arrangement. A

pentode having low grid-to-plate capacity is required to prevent oacillatln

when the cryntal is removed. If a triode is used neutralization is re-

quired. FeedbacP voltage is obtained from a tap on the plate coil and is

fed to the grid tran3former through the crystal. Either the plate or grid

transformer must provide a 180" phase shift to assure oscillation. If the

plate and grid circuits are properly tuned and the leakage indtctances of

the two transformers arm tuned by C1 and C2 , operation will be at the series

resonant frequency of tno crystal. Previous investigatlons
2 

of this circt-it

indicate that broadband (12 to 20 &c. bandwidth) operation -- h ott- inad

On APlu--in bais with ttie cisc~t, humsver, this results in operating

the crystal off resonance. Jperating frequency is o'f resonance by am such

as 28 ppm for a frequwary differing by 10 percent from design center. The

circuit is useful at frequancies up to 150 mc; hover, adjustment is re-

1-tiv i,, hiii lw-els ui pow-,r output err, ottainable but at te

expense of nigh crystal drive level.

The Croinded COrd oscillator -ircuit shown in Fig. 3 -onalsts of

a grounded grid amplifier, whose driving signal is obtained from a tap on

the autotrnsformer located in the plAte circuat. Operation is a. series

resonance of the cryatal j" the plate and cathode clrcults ar- properly

& ~ ~ ~ ~ l &&A CJ "I~ P -. <
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tunnd and If U leakage inductance is resonated zi', C The circuit

in relatively simple to adjust in comparison to the transformoor coupled

circult,the plug-la bandwidth ii scwrmt narrc'or, and the ratio of power

output to crystal drivc is only slightly lese than that obtainerl with th-

transformer coupled circuit.

In the grounded plate circuit of Fig. 4 the tube is connected 4s

a nathode follower which drives the crystal at seriee esonance. The grid

driving vo.taga Is obtained fro a st.ep-up trne(forr if, the grid circui L.

Mith the exception that this circuit is readily tAdaptable to electron

coupled opration it offers no distinct 4 vantage over the transformer

coupled or grounded grin .

ohe circuit of Fig. 5 is the well known circuit used in the TS-683

and other Crystal Ispdance mters. ?he circuit conslsta of two impedance

transformlng networks to match the high level grid and plate ipdances to

the low value of the cr-tal network. Thi ciruit in also known as a line

OUpIenr OSC i-AtU, , Lon Lwo lmapnnre trgnsforming networks being con-

sidered as transamiasion line sections. T his circuit is very useful for

uitirml.dng cryLal rmistance by the suoetitution method, Uut its low

pormr output and complicated circuit limit its use as a source of high

ftnquency power.

The Capacitance Bridge circuit is shown in Fig. 6. This circuit

dlaB Deen aeacrieo In detail by Mason and Fair'. It .erforme well in the

75 to 200 mc range aion p:operly Ld>3tvd. -it its compiicated circuit and

tend to free run unless ad usted very r-refully ( not warrant its uso

in military equpaint.
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?he Bridged nT Oscillator circuit shown in Fig. 7 has also been

investiaated for use in the MY~ rangfe 4.This circuit when DroD'Srly ad iusteu

operates the crystal at approximately series reacnanra. With the resulting

low impedanee path through the crystal this circuit configuration resembles

that if the familiar Colpitts.

The circuit of Fig. a shows the Colpitta or Grounded Plate Pierce,

antiresonant circuit. This circuit is in wide use in military equipmnts at

lower frequencies. For high frequency oper.tisn the cathode choke is chosen

such that t .,* cathode-to-ground impedance is capacitive only in the range

of the desir-d x.'ert~ Os. For lower tha~n the desired order ,f c~crtone thim

branch is inductive and proper phase relations do not exist. Previous in-

vestigators have bow~ reluctant to consider an intireecriant circuit for high

frequency overtwo. operation due mainly to tr law impedance level deveiloped

by typical high freauency crystals at antirseorance. This type of circui~.

does offer certain advantages such a~s circuit simplicity and ease of adjust-

ment and may be used succeaseully with crystal!- of -*, rI~mely high quality.

Fig. 9 show., the circuixt of the Impe~iiinct. 1nv~rting if erce circuit.

Circuits of this type utilize an impedance inverting iictwrk to transform

the low series resonant ipecance to a ,-tvhsr inpwdarv':e vai ue for use in

the convention~al antli eS(C~IL circuits such as the Pipcre and Miller. These

circuits are relatively s mple to aduat at -,,e fr.'cen-y tiit operatz! only

over a very narrow banidwidth. Abe pu-er outj": r 'ro ,re low and

the cir-cuit loes not perforim well abover ICA) .I

Tha Lister, ircuit of Fig. 10 utilizes the crystal in an anti-

resnant arrangoeent In the grid circult. The grid circuit coail inmliu *M-

to jssaent an inductive reactance to the crvital. The, circuit then operates

0.. . 1 .OA c. t,-5 I T 4 1 1 1r

- it
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as a tuned-grid tuned-plate oscillator with the crystal ope-'ting in the

capacitive reactance regiorn. The opt -ting freiuency is thus below tf'e

series ra.-nance oi the crys"... valcc't t of__r__r

tut adjustr.ent is difficult, and unless done vei- carefully, unconto] 2d

oscillations close to the desired requency w.il be obtained.

Two series sode circuits suitable for use with high resistance

crystals have been described t7 Heegner
6

. These are the Transitron and

Feedback crystal oscillators whose circuits are shown in Figs. 11 and 12.

These circuits can be made to operate at single frequencies as high as 150

mc when carefully desiged and adjusted. flowever, only when extremely high

resistance crystals are used do these two circuits offer distinct advantages

over the more strai~gtforw-rd typ-r.

Table I summarizes the more Important ciha-acteristics of these

twelve circuits. From this table and the preceding discussion, selection

of the most prmiaing circuits for further study was made. On the baas4

of circuit efficiency and ease of adjustment reported in the ]it-rature

three circuits were selected for furtlier immediate invstiatior for general

use. These were the Cathode CoupledTransformer Coupled, and Grounded Grid

circuits. Additional informtion was obtained on their performance to deter-

mine which of these should receive the most extensive developpent during the

Sremainder of the program. All have distinct advantages for certain

7' applications. The P.idged "T" and Colpitts circuits were also subjected to

further experimental investigtion before final evaluation was made.

The 3rounded Grid circuit provided satisfactory operation at

72 mc during initial investigation. Ratios of power output to crystal drive

aJS4 rJ to 1 WUA oJa,Od. Th niruit ii N4atvely LaiOple to eai

--3
4 .- }
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and adjustt is straightforward. Frequenc$ uf operation is somewhat LAlow

the cryFta! erie- reach.s.ent freque-ncy unlese all tuAing, includling that of

the transformer 2eakage inductance, is carefully done. However, operation

.t seriea resacance is very easy to obtain if the oscillator is operated

onlyr at one frequency.

The Cathode Coupled circuit in the simplest to adjust of any high

frqquency circuit. The ratio of power output to crystal drive is, lomr for

this circuit than for otier high frequency circuits, and the reqmireit.

of tuo tube .ecticn5 4s a lerI'ed .inadv~nta'?. however, the extreme circuit

simplicity and straightforward operation warrant its use in many applIcatim.

treliminary invwstig.,.1ons of the transformer coupied circuit

have shown it to be very diffizult to adjust for proper operation, and thus

to be too critical for mat ilitary applications. Althouh previous in-

veatigaticna indicated good operation with this circuit at frequencies of

50 to 60 me, comparable results 7er. not obtained at 72 mc.

Further investigation of the selected circuits was rc-de &t

spec, fic operating frequenc. 9s in the range of 75 to 150 mc. Specific

attention was given to comparative data obtained by mans of evaluation of

the circuits with reg n- to five per-meters. These parameters aret

a. Crystal Driving Power; computed from the voltage measured

across the cry-tal and the series resonant 'ta1 resistance,

as measurea in Crystal Iawdance Wp+or

b. Output Power; computed from the moasured output voltpge across

a known load resistance.

c. -Fower Ratlo; %ile ratio of output owri t - " yaI rv'

powe r.



d, Af " f - f, ; expressed in parts per million of the ncir.al
cz -..-.... T .b.. - 4. ,.t..inw, hv Una. of the

Crystal Impedance Meter and f0 is the operating frequency

whee the circuit is tuned for maximim output.

e. Afb " fo - fb; expressed in parts per million of the nominal

crystal frequpncy, where fb is the frequency obtained when

the plate u.y voltage has been changed ay tei percent, the

circuit not being retunod.

The values of the paramters resulting from the test, made on the

various circuits were compiled mA averages determined. 'nis informatiuii ir

prewmted in Tables II throu4h XIV below.

A. Cathode Coupled Oscillator

The circuit of Fig. 13 in typical of the Cathode Coupled circuits

used for comparative performance test.. Table II indicates the permeter

values for selected crystals operated at various plate supply voltage .evels

(B+), at '5 mc. Tables III, NV, and V sho typical operation at 105, i5

ad -IQ mc reepectively. S performance information was also obtained

at 10 mac but is not indicated here because of Its similarity to the per-

formance at 135 mc.

The data shown in Table II, for operation at 7' u", resulted f.-oz

use of a circuit naving an untaned cathode circuit ir. -. e "-.uu led grid

I, stage. The circuit xa% -x i .eted witr, a l0X 0h e roesmtor. When

t:.is cathode circuit is tunt,i a sthown In Fig. 3, performance is coenparable

A. to ttat ottallred at tht higher frequencies. It was !eterxined from tils

performince at freq.ancies at 2-c nd aoove.

!i i
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t ii ]OF_

(0 t 1010 0.7 i.: . - . 7

R,. 125 1.2 . 2.81 -8.6 2.0

150l 2.6 5.9 2.3 -6.u -

.70 7 100 0.2 1.1 5.5 _i2.5

-3..51 125 0.6 2.6 4.3 -11.1 1.5

150 1.5 -5.3- - 80 -Li
T ?A3 II - CATHC COME OScILXCa PW IhC AT 75 no.

I ' I

t w .OW .-y. ___ -_ E

#80 75 1.0 2.9 3.0 -8.5

a,2-40 100 2.3 7.7 3.4 -3.6 .

Lle .9 !6.6 3.1-0.6

#82 _1 1. 3-5 .5  1.
R,-60 100 2.9 8.5 2.9 .8 .

rAJII-C~~ 12 6-3 1ZT 17. 1~ AC 2.8 -.

1!
If I CA HO I ':j, P I C % I 'j C m , T

i-



volts w p;_ P""

12 51 0.4 54 155 -35.2 -

R -W 125 1.8 7.2 4o.J 1 -13.2 16.3

ek" 150 5.L 135.2 25.0 -36.5

#831 100 0.5 87 17.4 -2

R__-_25 j 25 2.9 24.2 r. - .

150 39 57.8 14',8 c -,.8

TAwLU IV - CAT<NHO CO 'EP OSCILLATOR PWOMWICS AT 135 me.

Crystal B6 Px 1 P i a.

volts N w - mR- i ss

1 85 100 0.7 0.8 1.1 -6.3 -

125 1.5 3.2 2.1 .L -

150 2.9 6.7 5.0 7

1 0 0.9 1 - I

AX-200 125 2 .5 39 1. -1.3 8.2

150 4.2 8.2 1.9 - 1

?ANZ V - CATFOCI CO U7LV OISCMLA 1.j-T NC3 AT 150 n.



B. Grounded Grid Oscillator

IThe 3ro nded Orid osc, Ilator circuit is shown in Fig. 14. This

circuit is typical of thos* used for cooprative performance determination.

• |puraticoal parameters wr quite good, wth r-'atively high

I power ratios and .- w cryntal drive levels. At the higher frequencies, the

circuit becomes soaaha more difficult to adjust, although performance is

still good.

Tables VT through U indicate circuit performance obtained from

4the preliminary tests.

C. Tranaform r-Goupled Oecilator

jThe tranaforinr-coupled oscillator, Fig. 15,crmisto of a grounded

j cathode amplifier in a tumd-grid tuned-plate arrangement. A pentode having

[low grid-to-plate capacity is required to prevent oscillation when the

crystal is removed frcm the circuit. WeutraIzaticn is required for triode

operation. Tne feedback voltage is obtained f.om a tap on the plate tank

[c 11 and is fed through the cryst-I tc the grid transformer. Either the

plate or grid t neforar must supply the necessary 180" phase-shift to

ocillati. if- a ."el ........ .r tued and

! the leakage inductances of the two transformers are cancelled ty tuning C1

and C2 , operation wil. - at the series reeonant point of the cryst&l.

' The additicn -f ,,iese tuning elements mink-b the t nsformar-couple(d

ccnstr.cted and alignoc, ws noted that the crysta drive was #icessively

I L.1gn & an aaz.l!yeis of the r, was xawr to determine a !n imprnvement

of operation could be accos "ed.

L

I 4--l
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Cryetal PRI P, Pe /p Po!m 6 t, b

" "I "t WI NEW P pp P.

1703 75 2.8 7.5 2.7 -19.0 -

125 5.5 33.0 16.0 - 9.0 -

#M7 75 0.3 8.0 27.0 - 4.2 -

i.x.707 10U 0.8 13.3 16.6 - .9 i.0

I19-5 2a5 i1 6-3 14.5A 3.1

TAM 1 - _R____ GRMh OCILLUTO PWODXOCB AT 75 so-

Crystal b- o p e ,/x 5 fr 5 AN

volts N w - PIO pFm

#30 50 o.2 2.1 I.6 -11.1 -

k Iz-40 75 1-4 9.8 6.8 - 2.7
4 .2 7.6 2.8

S28 j 50 o.2 2.5 15.3 -11.5 -

A.-60 75 1. 9.8 7o4 0.8 -

___IC-0 6.2 24a 1 3.9 L 1.j .2

TAR TI I - OMTM O U O iOIATC R PWFIIWC A2 105 -

I
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volts aP s - -P

fS 175 1.0 16,2 16.2 -10.5 6.6

R,-9 200 2.8 39.2 14.0 - 0.5 -

225 5-4 72.2 15.3 *9.9 -

#31 150 0.7  12.8 18.3 -17-5 -

;-ln 17 2.0 28.8 14.4  *0.8 7.1

200 3.9 51.2 13" *25.7

TALS VII -R t"UPI GRID OSCILLATO PMCO0a 3C AT 135 no.

volt t I W - pa pp"

_____ 60 1.0 ,20 2.2 -18.6

R-60 70 ".4 8.7 2.0 Io.5 6.0

75 -0 3.0 __2. -9. 7
@jh7 70 1.4 3.5 2.5 -16.7 I  -

16-9c0 75 3.2 8.5 2.7 '- .8

80 5.14 13.14 2.5 10- 5:~ -5_

TABLA U - OP M GR3 D 08T OCILLAtO PWOM7 CS A.T 150 ,,.

T 2L 0

2i!



C,4T

47 L5 t1 2

r0 AT k

IN OHMS; C IN EL/sf- F L

A. BASIC OSCILLATOR CIRCUIT

G' E6  R L10

6,'QIALN C!RCU!T Or C, ALIFr .'ATE TRANSFORMER

CRYSTAL FEE03ACK 11ETYICRK ARRANGEV1ENT OF BASIC

F *1 Tr II F OH(RfLP, ER- rq)U, f CSC!LL-A TOR

I- .



Table I shows operation of the circuit at 75 sc.

Reference to Figure 15B showe an equivalent configuration of the

basic circuit. The total drive volts-o IL' i distributed across the

crystal resistance at resonance, R, and he transformed eonevalent input

resistance of the tube, I.. Ahis input reeistarice is a function of the

cathode lead induct&nce, transit time affecis, transconductance, and variots

tube constants. It i, well known that as frequency increases, the input

resistance of a tube decreases. Thi inpit resistance is reflected into

the the crystal circuit by means of an autotransforasr. Generally, the

maximum coupling coefficient for air core inductors is 0.50. Therefore, the

reflected realetance is in the or-er of ten percent of the crystal resist-

ance. causing excessive crystal driving voltage.

For a typical coil used in the circuit at 75 mc, a 4,O00 ohm input

resistance was transformed to only 6.0 ohm in the crystal circuit. It can

be shown, by means of coupled circuit theory, that the reflected resistance

in a function of ths mutual inductance of tie coil. In turn, this induct-

ance is determined by several constants of the coil, which are not readily

vAriable, due to circuit charatr-st-. .--- ----ce, h magnitude of

reflected resistance is fairly fixed, for operations in the desired fre-

quency range.

The alterrete trar.sform r-coupled circuit of Fig. 15c was tried

with similar resuits. £ix-nough powe r - cztlo - ---nd _!, y --r ea ff n .-

toe crystal drive levels were prohibitive.

D. Coipit.t__(Grounded Plate Pierce.) kntirescriant Oecillator.

The basic circuit configuration of the Copitts oscillator is

s.own in Fig. lb. for overtone Wueratio, tho cat odoi -noke coil Is

-26-



Cryst.,l r x PO lp r- AP,
103 75 2.2 2.1 5.-

oh _15o 12.8 68.0 [53 1.C

Port 75 We 0.illetims Oooxarr.

100 2.5 17.5 7.0 -23.0 f3.4
15 16.0 60.0 4.3 -1.01-

TABLZ X T1517C COUPLE) OBCU.'A OR PWDORCS AT 75 .

Iii

I!
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Since'td 1- ta cillatih ods-t-od imtedotaned icat iv or~nly hinher

tan of) mcthe desire d toe o ~ Koerwte of a love.re odr thi n-.

i peatc batci Uis indqumctiv adthe roperln phaseratr nor alcule xit

Futeroe to auet-air.C) cacse ri s c ia fresitieency)odlinfi

oprto at 5this p (aal.. esn frequency. Thie aolwn 10asstr wer cc lad

f n - 390 no (ominal)

fsI - 7.900 sf (eriesa sonn frapacity)

C- 10.0 wfd (load capcity)

-e.30 ohms (effective resistance -,f the crynootl at antiresonance',

C, - .(X223 inafd (crystal seris arm -apaclty)ILi - 3.1 mh (crystal series arma inductance)

?roa this Infornati~in It can be calculated that,

-39,000 (series -a Q)

1 l-2340 oha. (l/'(2xf CL) 2 R.)

and M- 5. 1 (OVr, where r- (CO C C))

Ii Tc cbtain larger values of k would require lorng the value of

Lor lowerIng the resistance of the cryat&1l. ',he vaju6 of C, couldl be

53 lovered by tunin& it out vitth A suitab-e na~uctance. however, u-.ia trans-

form 1,e drult .4,to a J.,Istr 2ofluato , , It ttn

I L 0 s ST I j O - -
5 *~,L ,tLA,. rA', .. .O; .irr~?9



disadvantages. Since t-he resistnce of this crystal iA already far below the

maximum rating specified by MI-C-3098A, typical crystals would not operate

even at this frequency.

Z. E Tidg*,. T Oscillator

The bridged *TO oscillator, when properly adjusted, operates the

crystal at approimately series resonance. With the resulti;:g low impedance

patia ihrou the cryatal, this circuit resembles that of the familiar

Colpitts. Fig, .7 indicates the circuit cutifiguration used for testing the

bridged -'T" at 75 and 105 mc. !he literature describes up .tlo of the

oscillator, with good results, in the VHT frequency range. T iis was con-

firmed with good operation at 75 and 105 mc. Stability of this circuit for

changes in plate supply were found to be vury good at 75 sc, but at 105 mc,

the stability is comparable to that of other circuits tested. Hoever,

adjustment of the circuit at both frequenc.s was extremwl difficult. It

was difficult to adjust the grid dr~ve capacitor and remain within the

proper operating range of the resanant elements, consisting of the plate

tuning capacltor avid thl sariza *T" _-nuctt
e
, ince this point m quit-.

nritical.

Tables XI and XII below indiuste operation at the testing fre-

quencies.

Severai mtnods cf imrurvinZ 4*r-quvn,;7 toitc- r .-. -:

method, rntad in the literata-e, simply consisted of a tuned coil in parallel

with the crystal unit ay tuning this coil to a frequency much high- than

the series resonant poLnt of tre crysatal, frequency correlation was improved

grsatly. however, this brute force method of operation waL, rejected since,

unfortunately, no 'Orreljtion between t0,a re uid ind * tanrp nd th,
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c ,t i, !,,, ,. TA, Arbi
vot m m M IiPF

-----
p73 100 1.3 1.6 1.2 -19.5

R3421 125 3,8 3.9 1.0 1 -19.0 -

om 1 50 7.3 7.2 1.0 - 16.o0 .

7 100 0. 0. 7 7.0 -11.8 -

31-51 125 0.6 2.7 4.5 - 9.1

1901 1.2 r.6 ,7 - 8.2 1.7

TAUIM XI - ID ro OSTILLAIJ PW IIC1l LT 75 m.

Cry~i ID*I 1 P. A ',f tL "- --

#30 75 C.6 1.2 2.0 -12.3 -

,-.0 100 2.1 4.8 2.3 -12.7 2.6

125 4.9 1.0 2.3 -13.

SI 15 6.0 11.6 1.9 -19.7

TANJEI 121 - IMDM *0 OSCILLA7 7M5WtW C3 AT 105 no.

a 4 % 9 *i&A a F C 0 A I U~ . 0' ?r ~L CWCILOG



opeatilng trquenc; cz'uld be found. tuher w-thcde used to improve Af. had

undesirable effects cn tne crystal drive level, since the. nethods reli6d

on epc4ific chanp1e in the value of the grid drive capacitance.

F. Cmaprative Circuit Performance

Tablo XII livis -oprative performiance obtained from the four

se-iee resonart circuits at 75 and 105 mc. The valum listed are averages

taken over all crystals and supply voltages used and represent typical

obtal nala par mnuAnce The four circuits tvated and evaluated at 75 mc

include the Cathode Goupled, Transformor Coupled, Grounded Orid And Bidgd

'TO oecillators. The Trantfozuw Coupled was not walspoe at 10.5 &o, since

analnmis of the circui indicated that crystal drive would be prohibitively

high~.

Abe difficulty encountered in tuning the Bridged "T tends to

make it les acceptable than te Cathode Coupled and Grou-ied Grid circuitg,

Although stability of the Bridged "T" was found to be quite good at 75 Pc,

both tbe Cathode Coupled and Orounded Grid circuits yield comarablM utibil-

itit ut higber frequencies. The Grounded Qrid circuit also pioviden greater

ou4tput ' r. ' O the beLai! nf thate results the area of study me n,lirrowwd

to the Cathode Coupled and rounded Grid circuits and detailed deeign in-

formation was obtained for theme two circuitm in the 75 to 150 e rrquency

ranV. Comparative perforsmano at 135 and 150 me is snown Dn Table XI'.

at lower frequencies. Good power ratios wire obtained witt. ncminal levels

or crjpuLa drive. Ft4ft7Y tatility is hofownat poorer due both to lowar

quality crystals and sore crizical circu-t adjustment. nowever, tots ch&ngo

I ornly a few Parts Per all"ioan Pr a ren percent change in g.spply voltage.

0 a 0~ *L~i*. ACIA .6 O t 1 T I QA10 T L C I k 0 L



Pr*(rui oy -C i ACU it i f4 at tlb

IFP NO pPI PP.

C-td 47 0 1.o 43009

Trn f rar 80 40 0 5 0 1 3.5
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OI the oasis of the peorformance information presented above,

the Cathode Coipled ind (rciundod Grid circuits were selected for development

of detailed design data for general application. This development and

I design method ev discussed in later sections of this report. However, other

circuit arrangements have particular advantages for certain special applica-

tioas. For example, when filamont-type tubes are used it in con'c. ent to

J use a grounded cthode circuit configuration. Cir,.uits investigated

e.clrea~ll for us* with filament tubes were the Grounded Grid, the

IFeedback or Heegner, the Bridged "T and the Gapacit rnce Transformer Coupled

circuit, the latter circuit was conceived during the course of this program

for this spe:_'TIic application.

Completely satisfactory results were obtained only with the

Capacitance Trannformer Coupled circuit. Same information was obtained

I on the Grounded Ctid circuit utilizing a 5971 sukiniaiure triode but the

circuit up-irates as & crystal stabi.iL.ed oscillator rather than a true

cry--tal controljed circuit. Av a result tUe circuit is rt as ctable as

9 may be desired ar d is prone to uncantrolle c oeaillation-. However, this

-. ng with _o- -,- parformanc' information on Lhe CTC circuit is con-

tained in Section IV of this rsport. Nothing close to satisfactory operation

was obt, ned with the F-edoack or Brid e IT* circuits with t-hq low trans-

£ conductance tubes available.

During the course of these preliminerv a aurement3 certain con-

I structional and cc.tonent characteristics cowson to .iI circulta were deter-Snmne= A are d-scussed in tht foliing parcgraph,3.

!I
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The cifficulties encountered in desieLing circuita to operate

above LU) mc: cterj mr...rm tt !--in ronidsrationst circuit layOut ad

component characteristics. In the froqooncy ran&ge of interest, the usual

care in layout of the circuit may be adequate; however, several problems

encountered will be discussed here. Rroper grounding of elements is

difficult to obtain. jit these frequencies, the lengths of leads connecting

various grounded components have considerable inductive reactance. It was

fotnd that if the center post of the tube socket was the primary grounding

source, with minimum lead lengths to other poin.s, measurement problems and

spurious circ-)it responses were minimized. Filament decoupling networks

were wired directly at the socket to eaieine undtairable cathode pickup.

This was also done for the plate networks. Because of lead inductance, the

us* of the g -dip c.... hcvi nf aligning coils is mad, mora difficult.

Extraneous responses sometime overshadow the true coil resonant point; how-

ever, proper by-passing eliminates this trouble. It was also found that

In order to check a coil in the circuit, it was sometimes necessary to short

out any otner tuned inductance in the oscillator loop which might produce

an erroneous response.

It is well luion that cuponent impedance characts! ) stics in the

frequency range of interest differ from their characteristics at lower

frequencies. Resistors of high ohmic value are generally slightly cap-

acitive; homever, the resist.ance values vary c.-nsiderably with frequency.

For 500o oh, half-watt compositilon resistors, the actual measured 'ales

r:inged from 20 percent to 30 percent over. At twice this value, errors

1- AO -4. k.. P.r'erit or more. Capacitors tend to become

inductive -ue t> lead length, ttAs effect being more severe for higher



capacit.rce Falu*e. "13 values of capacita4nce, of aboj t 100 mafd or less,

exhibited good reactAnce characteris ic8. Small silver mica capacitors

show very little loas, but disc and tubular ceramic capacitors show parallel

loss resistances as low as a few hindred ohms.

Cry.ctal a-lts uked in thne program were, in general, obtained from

either U1ASKL or co rcial Emufacturers. All the types sed wera wire

mounted unite, placed in HC-6/U or HC-18/U holders. ipecificatiofl8 for

crystals oparati-no abcme 8? me are no evaiab-. Howevear, for, the desired

frequency range, fifth or seventh overtone units were used, assuming a

maxiamu series resonant resistance of 60 ohms up to 125 mc and 100 ohm to

I.MU m,. Oonerally, cnsmercial units havin thee specifications wera

obtainable. Unfortunately, fww manufacturers have lAd success in pro-

ducing reliable units. Comon problems included crystal fracture end ex-

cessive series resonant resistance. Ve.ry few units axm.:.ited :ipuriouzs

modes.

Crystal paramters were measured in the TS-683,/TSM Crystal Im-

pedanice Motor. However, for masuremnt of high frequency units, the

7 8 ___ _ . .. . . . . e
AN/-QN-! eba sue A-ae at,. tot.4 prgiC z 1; ofS

tasting crystals in the 75 to 200 mc frequency range.

rThe power disslpation of a cryet.1 as normally measured is a

frjnction of both :rystai r*lalstjnce and the voltage across 4 t. Accuracy

oC power de rm natian is -hen dvp er-ent up vh. aucura7 u7 .rjriLal I

peidance and vcltage measurements. Ine accepted method of deters'nlng crystal

- :,'casuromont in a crystal imp cc mter such as the

7S-,c3iSM. When a suutitution rvs .t.., .. :g the sse value as the re-

sistance of the crystal , ,s -. aced tte C: meter clrc_ t, tre frequency of

I - -



operation P- tha grid tiie'vt. wi 11 remain the same as that obtained with

the crystal. "his ithod yields a meeuremeit of Lurystai neLwurk resstiance

at the operating frequency with a: accuracy of a fe-w percent. Substantial

errors in the measured value of crystal drive level may be introduced by

voltmter inaccuracies and non-sinusoidal crystal voltage wavef rms. &ven

an exact rm value of crystal voltage doss not necessarily restlt in an

accurate pier determination since the crystal network offers different

values of impedance tc the harmonics present in tne feedDack circuit ar:d

contained in the voltage waveform across the cryst-l network. Using the

ra voltage reading and the masu-ed zrystal resistance to compute drive

level results in an inricated drive higher than the true value with non-

minusoidal waveforms.

Dv.ing the ca-parative perform-nce investication of the different

crystal oscillators an effort was made to decrease the errors in drive level

determination dus to crystal voltage aasurment difficulties. Drive level

measuremnt reported previously had bier. determined by measurement of the

voltage between eath side of the crystal and ground and taking their

difference. Diode detector circuits were built into each experimental

circuit to provide the individual readings. It was found that conaiderable

error in difreance voltage masurembnts it causeJ by cissiailarities in

the charcteristlc3 of the diodes. This caused -ifficulty n actual

measuresent 48 well as in ccsmparison of perforw nce of all the circuits

since ench contained a different pair of diodes. in order to imrove the

accuracy of eaesureaunt - nd comparison of c'rcuit ;*rfo-r. nc- -bveral volt-

age ftasuring techniquaB naTe oteen I-nestigated and one method was chosen

w .hct resuited In a proc, s,.:gn ieiing reatly r-Trovd cryvta, v oiAge

A 4 T~ o ick O O .



mea iuremnts.

The firpt method tried consistied of a dual crysta' Probe used in

conjanction with a modified vacutm tube voltmeter (VTV)I). 1,e circuit of

the dual probe is identical to that of the test oscillators except thot t

pair of 19-0 diodes are used because of their smal] size :n comarison to

that of the 1N3L. The VTVM is modified by edding an attenuator in the grld

that is normally returned to ground through a contact bias network. This

attenuator circuit, which is wired onto the range switch section in place

of the ohmmeter range resistors, is similar to the normal attenuator, except

that it has a potentic(-eter in the ground end. 'his is adjuisted for zero

indication, when both diodes are receiving the ase signal voltage, which

changes the sensitivity of one meering section to compeneate for dis-

smilar diode characteristics. The modified porticri of the VVM is shown

schmatica-ly in Fig. '-!. This system reasults In considerable iprcvement

over the use of individual voltage readings when the probe circuit is wired

Irto tue t8-t chassis, but it is difficult to bgnlaaun t n when !u:,-

Intc the form of a probe. The voltAge indication is not only a fin.: t ,f

v-taje differenPe but also of the level of vultage into -&ch side of ti.

measuring system. *Snce on@ o! the prime purposes of a rede' I ned crysta.

voltage indicator is for cosuari-on of orystxt drive in different circuits

a wired-in probe circuit i8 not practical.

telialelat t Lim pi Llea u- balance beinR a f.nctior, of slgnil

level a differvntlai probe was constructed having the circuit shown in ig.jl .
Tnis circuit ut.lizes twc di(1e. coreted to rt-v,.e -he 1fferer; ,, - e

at the output of the probe. A LbLAr , e pote.t'ametutr is -.,uctej 4!,

voi.ia. reawout px-,nt hilch In tur- is ronnected t( . .tL.-ard .'hM. Wren

j. A
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properly balanced ond using an infinite i~,dance meter, the output voltage

-4-. 1,--1 !,f the. *,.= t"i L.....'. t 3i. fla P-ctici

with Input leytul because of dissimilar diode characteristics. Ely using a

matched pair of dio-des (1N35) the variation with input level it decreased

but c calibration curve as a function of intput level for each pair of

diodes is .neceaaary to obt.ain riasonable accuracy.

4 -5iince a direct indication of difference voltage is preferrabie,

I a 1935 matched diode pair ams used with the mnodified VTVM. This proved

11 satisfactory but could not he built into the desi~ad probe arrangement be-

cause of iAse requiremanta. To alleviate this proble, a matched pair of

'iughes 1M6?Als (UP-3002A) were wirevd into the test chassis and performed

satisfactorily. Ikeevtor. when these were installed ir. the compact probe

arrangment the indicated differencta vroltage again appeared to be a function

of signal input level, though not to the extent aixperienced with the JN34~

diiodes used n the first probe design. Furtheor irventigation showed this

effect to be due to izproper shor't.ng of the two probe irruts for -cero &A-

It ws fo-. thUat the .se of slailar shorting mthods for both tne

probe arvi the d~iode teat circuit provided improved results. Addition~al teats

.. sncod tnat same of tt~e reaining difficulty wan due to ncnlinearity of th~e

*-vacuis tube circuits .nthe "VY.'. Thin is reduced to arcvitatle limits -.y

the meter balancing techniouie. balsncing dnd zero adjustinent can beat be

I oaxpisiied by reference tc ttie complete probe i'rcuit whi.cr, its 5tc'wn in

Iii. 2L). To balance the mete~r ;tfld read trwt 'liffer-ntla1 vit-g tne Trob

1a-c t~ -ytA _-c of a ~ e t e. hae proue

4 a then snorted by F uggl %g - rL s base, k~avi rii ,,,oj i-a I r fregainc~y
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short across it, into the probe. The switch in the probe metering circuit

is then turned so that it grounds the modified side -f the VTVM circuit.

Thlis voltage reading in then noted and the normal input of the VTVV is

grounded. The VTVM polarity switch is then set to the opposite polarity,

and the putontiomater in the modified sttenustor circuit is adjusted to give

the same meter indicatiom. With the meter probe switch returned to its

center position the meter adjustment is complete. Comrismn readings with

calibrated laboratory voltmeters show this voltage indication to be accurate

within flye to ton percent for all values of drive over a few tenths of a

ailliwatt for typical crystals. For drive levels in the order of 0.1 milli-

watt the voltage accuracy is apprcximately 20 percent.

Although this accutracy is not all that could be dosired it is a

great improvesent over the previously used technique, especially for com-

par -ion of drive level tez-Aen different circuits since the sam lmasuring

ystel is used in all c iaes. It .-iso repcesents improvement over the use

of a single meter and probe tn take two readings since circuit op4ration is

not ch~nged by mov3ng a probe from one side of the crystal to the other.

The balanced rect'fier probe has been built into an hC-13 crystal

holder. A crystal socket is mounted as a part of the probe assembly. The

probe can be plugged into an oscillator crystal socket and the crystal

plugged into the probe socket. The probe is loft in pIacM for afl ,,tI.-

and perforlunce measurements and is removed when satisfactory operation has

been obtainec and the circuit is put into use in an equipment. Differential

voltmetar !ave been dezlinr cd ,Lse at lower frequtncies but t-e input

capacitance of the probes was too great for use at high fremquncles. Thin

probe configuration, and the low shunt capaci'ance of the diodes used,

- L -
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reslts in an input capacity of appraisately 2.0 wafd.

Photographs of the final probe design showing internal construct-

i-nal dotails wid the complete enclosed probe arm show in Fig. el. The

photograph an the left show the position of all components. The two input

rnupling capacitors are starndard disc ceramic units with their insulating

coating removed and conectionr made directly to the plating. On the rilgr,

is shown the completed probe with a cryctal unit in plact.

Fig. 22' shows a typll laboratori aetup ,,ad in detcluning

crystal oscillator performance. The balanced probe wit- the crystal in place

is plumged into the test chassis crystal socket. The output and crystal

.*,et. .. are in the back round. The output mter is the Hewlett-Packard

41Db, and has its probe plugged into a tip Jack on the oscillator chassmia.

Directly below t Lis probe is the connecting line to a frequency counter.

The crystal dAiderenc* vltsm-ter constructed fram a kit with proper

modification to allow differenti voltage indication. The probe switch,

which allows reading of eithor differential vol'age or the voltage from

either side of the cjuystal to ground, is visible in front of +-he lower

center of the meter panel. The test asamwly inow typica! "of that --

for determining and verify. g the design information contained in Appendix I

of this report.
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III. ANALYSIS OF CIRCUIT 0 ATIM CHARACTERISTICS

In order to compare the experioental results of the cL-cuits under

conslderxtion with theoretical expectations, It Is neceseary v &n&

analyse the loop gain equation* for these orlcrits. The equations derived

beiow contain certain siiplifing assumptione. These result in easily under-

stood relations which prove useful for comaring qualitative rt sults, but

provide very little quantitatie information. Rover, the use of these

equations in conjunction with measured performance data results in a useful

.relationship for the design of series resonant crysLal oscillator cir'.uits

and prediction of their performance.

Six cirzuits are analyzed. These are the Grounded Grid, C Itho e

Coupled, Transformer Coupled, Bridged *TO, Feedback and Capacitance Tranrforeser

Cicupled oscillators. Although only the first two and the last circuits are

utilised in later developments, the others are of interest and their equations

are presented and discussed here. The next section, which deals with the

experimental deLermination of creituit performanr will be concernied only with

the Grounded Grid and Cathode Coupled cir,.cult, for general applications ard

the Grounded Grid and Capacitance Transformer Coupled oscillators for special

applications.

A. Analyvis of the rounfetJ Zrid (jcillator

The Grouwded Gri 4 oscillator circuit is shown in Fig. 23. The

P--n -v v1tau is obtaired from a tapped plAte cv,!l and is applied through

the crystal network to the input of the Grouxed Grid Trinde amplifier utagf.

Por the crystal to operate at exactly series rasonance, there must be sero

- - i'
•  

t-oughout the loop circuit. As a result, the ph.se shifts

produced -y individual circuit aii- - zun t bv' cintannatnd by cirit
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design, or crystal operation wii be at other than the series resonant fro-

qmrncy of the ci~uta1 netvork as measured in a crystal impedance meter. The

Ii~~t ..- t~,romdjcapacitance of the tube is tuned with the cathode

cril, Lk, at the operating freque=y. The ,nad and plate circuit capacitances

a--% tuned with the plate coil, lp. The leall g inductance of the plate coil,

wh ich effectively appl-ra at the tap poitit, is tuned with Cf, 6,thougb this is

nct a crltitI elment. Under those conditions, when the plAt# coil i tuned

to resonance, osclllations will occr at the series resonant frequency of the

cr~st~l.

The equivalent circuit of Fig. 23B ohos the mnre Important stray

reactances. For this circuit the loop gain is giver byt

0 - A t9A/UAi

where A is th cltago ,,ain of the grounded grid amplifier, I Ir the ratio

of the u eillator plate voltce to the tap voltage, end Ax is the ratio of the

gr-ourcled grid input voltage to the tap voltage. All loading effects are

Inrcu#ei in R L which is shown froa the tap to grou"d. The individual gains

are given by the following expressional

1~1

g a "ltL x + )(2)~

A x
1

where fX is the series re-noant rrystjal reaitere, ge is the tube trancorKcu-

tane, and the effective amplifier lo d (for gain purposes) is the triwaffora



I

Impedance of R in parallel with the Impedance looking into the crystal

network fro the transforinr side. It Is aexaumd that the effective plate

ITeloadi ml opaed "e %he greeter than -mit or,, oscillheiosto sa Gonc t~rted, the transcl eatooneo bt tu e eaesti te

Iin then given byt

R L + R 7. I

IThe loop gair mus be greater than unity for oscillations to stt ..

i: o)m sarted, the tranendustar i of one or both ubes aedreases unral t fo

rigt hand expression of eqiats () is lWa to unity a equilibrum

c onditions exiort. B.nmo the amplitude of stoady state oecillltin is propor-

tional to t he initial value of loop gaiL , it can hie seen that the &Aplitude

of , icilltitn will Increasoe for Increasing values of N aand m& derease for

i ncreasing cryvtal resiatareoR. . That effect of R EL in not lirwar, but, in

general, increasing value of RL will result in increased asplitude of

J oscilla ti mne.

Frequency stability considerations and certaiLi performance characteri.-

tics peculiar to operation of the Grounded Grid oscillator at low freque riea

(10 - 40 no) are discussed in the final p&aragraphs of the section dvvcted Lo

the nalysis of the Cathode Coupled oscillator which follows.

P. " inei oT the Cathode Coupled Oscillator

The cathrde coupled crystal ocillat,)r circuit is -hcwn In Fig. 24.

S Two triodes are uased, one as a grounded grid ampllfier, the other an a cathode

follover. Feedback is suppliod through the low impedance path of the crystal

I at series resonance between the two cathodes. Since there must be zero phase

C shift around the circuit loop, -hase shifts caused by the various stray

reactances aut be compensated by circuit design. ThA cathode follower can
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be made a tantially frs of phase shift over a wide frequocy range by

7- making C./g. - C R,, where g. is the tranaeondutanoe of the cathode
-. follower tube and I is its total load resistance. The amplifier input

Lk
I capacity, C can be antirtsonated with Lk at the cperatirn frequem. A

representation of thi equivalent circuit is shown in Fig. 24B. In this
oiruit, it is a ,wsed that L tu.ne C 6 une C, C/am - Cc L

tuse the crystal static eapacity, Ca has negligible reactanee at the

operating frwnqcy, ad that % incl%' de the -e- ful load as well .i' the input

resistance offer*d by the cathcde follower circuit. It is also asmed that

R is large coared to the crystal resistance and the grounded grid amplifier

1"pmt Imnrdanee. thnder these oonditiona, the cathode follower load resistance

ioms&.y' the crystal resistance, 1. in series with lngm the amplifier input

impedae. erefo~e~,when thw plate tank is twed to regotnce, oscillations

cwill ccur at the series resonant frequency of the crystal.

The corditims n ceesary for oscillation in toe catads eoupled

crystal oscillator can be determined from the loop gain of the circuit. The

,. loop Vd, 0, is give by,

0- I=A fA, (5)

where A is the voltage gain of the grounded grid amplifier, A•f is the

voltage "in of the cathode follower, ard A1 is the ratio of the grounded grid

--.' V t,ut voltava to the cathode followe output voltage. The tnividual

* gains are givcn apprxima.,ly by the folla- nj e-ressio so

-51
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A-

gas

Then,

I. . ( 9

The loop pin, , 0, msnt 'be gre.**"r than unity for oscillations to

start. The Initia. value of equation (9) is piportional to the eqilibrium,

amplitude of oucilation, " It can be @em that the amplitude of ogilla ion

Inereases for ioreauing valuee of A ad La and dereases for ImreaslngJ

crystal reeis.waee, %t.

Circuit evaluation and performance moasm-emeta on the Cathode

Coupied and Oz"wd Orl4 eirentP In the raze of 10 to 75 me revealed

problems of frvqmey and oryetal voltage correlation. It has been determined

that for the rmn tuw1iM procedre wed at higher frequenies, the opertting

frequmny is above f by 20 to 25 parts per I n the range of 10 to O

w. At raipwz 11rWq4.*r t;; thi- v--~' roblem becomes negligib)e.

Investigatios in this freqnoy range have sIownn the problen to be comn to

both cirouits. Tming for maxim output tauod the crystal to operat* in-

ductive ' (f >f ) and it was deteraned i that paeing ap

ind* ctawe reactance quivalent to that of tbe erystal, at .e oritinal opr&tit

a ti 3 I'GA. 2.C AO 1) '1O~ 0I v' OF 1IC-,OLOGF



frequency, in series with the crystal and retuning for maxi m output provided

operation at or near f,. It was decided to use so form of compensation

sire overation at f As h i d m-!.

In an effort to determine the reason for the frequency effects

discuasaed above a further e..-Alyiis of thob circeuits was made. It had been

asnoed in preliminary analysis that tuning the cathode and plate circuits

and the lesago inductance of the OGrt'ded Orid plate coil should provide

resistive operation of the crystal, Rince inductive operation is coon to

I! bOth circuits the leakage Inductance would not be the cause. Th condition of

the plate tan after tuning to maxium output was Inveetigated and it ws

determined that it could not have caused the amount of phase shir
. 

being

encountered. The tuning coadjitton of the cathode circuit was also shown to be

urable to cause this effect, since it could not compensate ualess it wort

detuned considerably to the capacitive side of resonance. Study of the various

j '. stray reactances show only one that has not been considered in a loop phase

aialysis of either circuit. This is the reactance of the plate-to-athode

ca pacity. the coupling circua! from plate to cathode was analyzed tn letermine

11 the presence of this capacitance would tend to produce the measured effmts.

g e neral network, shon in Fig. 2 , was considered. An ideal transformer

having a turns ratio and voltage ratio of lin is assmed, R is the resistive

input impedante of the grounded grid mpliflar, Zx is the operating crystal

series e e, and Cpk Is the direct plate to cathode Capacitance.

i The circui. admittance pcrametars defined by:

I Il T 1 1 T12 Z2 (0

i I 2 T? 2 1  'T22 S? (2

A
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Pi.. 25- Idesalised Plate-To-Cathod Co~ling Network.

are,

II j " k] ' 4 CPk]JL. (13)

IL

RatiomAlip~ation and eqvating of the imaginary part to zero shows that th"r

will be no phase difference betweem I andj i mt Z~ ; -rz-t"p (I

given by

2 0 C k -- pk



Selection of the negative sign for the value of the radical provides

the largest valu for the ratio Z/l and thus i the proper olution. A

crystal of saro resistance require no series reactance for the coupling

cirouit amesJ here sice the ideal transformer always has the lin voltage

* ratio. The developed equation of reactance doe not readily simplify to show

the cinuit requirements. Tt does show, however, that a specific relationship

mt exist between CP and the positive reactance in the eeries feedback path.

The rcult points out two possibilities for i -pro" frequency

*correlation. One is to provide an inductor in series with the crystal. The

I other is to chang Cpk to bring the correlation figure within acceptable limits.

A factor which helps to reduce the affect at higher frvquoles ; that con-

siderable reactanre Is preeent in the series ]"ads to toe crystal. Reded

values of Cpk cannot be obtained for experimental evaluation; however,

pk; lincreesiog cp orrects the frequency but gratly decreases the out4put. To

*whieve oeplete correlation at 10 me, for example, it was necessary to add

30 mafd to the tube and wiring capacity already present vhic- lowered the

output to that obtained at 150 mc for sindlar circuit operating conditions,.

-A -* cf a ..er4e iMunmtnr rotvide Orequency correction regardless of the

cry*sAl terminal to which it Is connected, but I. o provide good correlation

of crystal voltage as wll, it must be placed between crystal and input of the

grounded grid stage. Crystal voltqae correlation is considered as having ben

- .. 1 -l*,.. are masured across the crystal o" a resistor

equal to the crystal resistance. This requires that the crystal operate

; y resistive ly.

T;I above dsevelopnt dos not yield design rew'ts of ufftioent

accuracy min*e it indicates series Inductance vaine* corsiderably maller than

I i :*, OLO m *&II A5IF tO UN CAT O N O F 'L . , O IS I 5TITUTh O F TSC .N OLO Qv

! - -



have ben determined experimentally. It does, however, demonstrate that the

presence0 or C 0511 cotibmasS to Ufe pows1ivir F*"tari-r oparat'lonz zf ""=' --

whiohp as was discussed prolocsly, is loes evwre at higbor fr9equiseo

The freqnency stability factors of series resonant crystal oseilla-

2tore hap been developed by Oden , ad are defined in term of the loop pbase

shift. To compare varioux crystal drivin nthods, a reference phase angles

)v is defined as that of the self-upodanes of the series arm of the equivalemt

crystal impedance, consinting of Ll. C1 and R1 . It can then be shown that the

stability factor, S3, uaed as the -rference. is riven by:

1 * tan 
(16)

where

Q.

and

for relatively high values of Q.

Sf will be a naznmv when tan - O. For other values of th nle

ths stahblity factor will be degraded tt an emourt defined as the degradation

factor, given by

D- 1 o tan 2) (19)

This degrading factor holds.for cryseaie that have no shant capacitarnco or

coupling tW sprious, paraeltic resonanes when operating at " desired mode.

For cirut conditicns that provide additioral degradation of the stability

A R a *S 6 6CW . 9 0 U . . 1 0 C)I S I MTT uTA F01 &C '11MOLOGY
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I factor, equation (16) become

9 f " ( 20)

1 +an 2

I ~For the cireits umder consideration here, the crystal is, in

general driven between two resistive elements, Rg and Rb .  If a compensating

coil is used to camel the effects of the crystal shunt capaciiance, Co, and

a minimum transmission loos is asosamd, the Q degradation way be calculated.

~~~~~it can, be ehown thnat, if the mus of ' shl a-a

snh that

R t " a % + R (21)

-- then, for a fixed Q degradation, Ra must be equl t Mb . For this condition

then, where R' - Ra - Rbl

D ( , (22)

and 2R QI '
II "(1 tA Iz) ('l * 2w,)

It is apparent from equation (23),that if R' is made smll, the

degradation is rvduced. 1owuver, tlis is increased at the expense of

transmission loss. Nevertheless, for the circuits described in this repert,

the crystal is generally driven between reAti-ialy high resistances. The

.-luea of R an RMk are usually in the order of several hundreds of ohms.

Although crystal Q' is degraded considerably, the drive level is kept withinI: ~ rasonablv liia reo am . sJ~till goo.

2 M U I I S I ACSW 0 A TLO 0 0 0W IT L OF IAC k0tO ,¥
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C. Analysis of the Transforunr Coupled Oscillator

The Transformer Ciuplod oscillator circuit Is shown in Fig. 26. A

single grounded cathode pentode amplifier stage is used in a tuned-plate

tuned-grid arrangemnt. The feedback voltage is obtained from a tap on the

plate coil, LY and is applied, through the crystal network, to the grid

transformer, L Loop phase shift, is sero when the various stray reactances

are compoenated. The load and strq plate capacitances are tuned with LP.

The leakage inductance of .P is tuned with Cf. The grid circuit oap^citance

is tuned by the second&ry of L * The static capacit4awe of te crystal, Co,

ig cancelled by L. Under these conditions, when the plate coil is tuned to

resonance, oscillations will occur at the series resonant frequency of the

crystal.

Ahe equivalent circuit is shown in Fig. 26B. Here, it is assumed

that all stray reactances are tuned and are represented in the circuit as

resistances. For this circuit, therefore, the loop gan equation Is given byt

0 - A gA x Ng/l p  (24)

where A C is the voltage gain of the grounded cathode amplifier, Ax is the

ratio of the grid coil priury voltage to the plate coil tap voltage, Ip is

the ratio of the oscillator p ate voltage to the tap voltage and zxN is the

ratio of the grid coil primary-to-eecordary voltage. All loading effects are

irluded In RLP which ib connected from the plate coil tap to ground. The

individual gains are then gIven by the following expressionst

. Sip 2 L (RX r/
2

A 9L (25)

RL + Rx . r £g S

S1OiI agISL A a A O ' ,w MOS .0TT FN OS TC W MOLOGY
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r 9/V2 (26)

x

where gA is the tracondutanca of the tu1t,, Rx in t~h series re-o.ant crystal

resistance, and r3 is the total grid circuit load. The loop gain, 0, is then

o - a,,,.p 1 R- "r0 . n 2 P X R, . _(27)

1 2
(RL . * ) r2

Oscillation will start when 0 is greater than unity. The amplitude of

oscillation will incrsase for inc'wasing values of all the c.rcuit paramters

in the numerator of equation (27)p and will decrease for increasing values of

crystal resistance.

A discussion of frequency stability considerations, which are common

to all series rejonant circuits, is given In the section on the Cathode

rn,. d i-cillator.

Further experimental investiption of this circuit was not warranted

in view of the results outlined in Section I-. I go -ral, the circuit

exhibits an excessive crystal drive. This is due to the physical prpertieo

of the grid circuit transformer. The grid impedance reflected into the

crystal circuit is too low when typical coila are used. This condition

mcomes uurzee at the higher frequencies due to the mull coil coucling

coefficients obtainable. In addition, circuit tuning is quite dLfficil.

because of the large number of tungg adjustmsnr4. 1

D. Analysis of the Brid gd IT Oscillator j
?wo forms of the equivalent circuit of the Bridged Or oscillator

are shnoni in Pig. 27. The output of the triode amplifier saa is developed I
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across the load in the plata circuit. The feedback network con.Ists of a

briagad *T" netwnrk, where the cross arm elements are composed of the tuning

coil. L, in parallel with the series combination of the capacitors Cp and Cg

The crystal comprises the vertica. arm impedance. C rana C are combiracionsp g

of physical and stray capacitances in the plate and grid circuits, respectively.

By cosronsating the shunt. capacitsnce nf the crystal with the coil, Li, and

tuning L. With C Pand C to resonance, the loop circuit will be substantially

free of pha!- nhlft and -sc!!atlnn will occur.

Fig. 27a shows the equivalent circuit of the Bridged IT oscillator,

whee Is the impedance of the grid circuit, RL Includes all plate circuit

lossee R Is the series remonan'l resistance of the crystal, nd CP, Cg, and L

are defined sbowv. If the grid and plate clrcuit losses are towbined into a

single equivalent serlts los.i. R, which also includes the coil loss, then the

eq ivalent circuit assumes the form shown in Fig. 27b.

If L, C , and C are tuned to the series resonant frequency of the

SryRt&ai. the transfer imoedance of the bridged "T" network, definrd by the

r!tlo of the output voltage to the input current, is given byt

t - x  (28)

On the basis of the constant current generator equivalent clrcuit of the tube,

the input current is

-- e (29)

and

t  
/g

j 0 i kt A I H I U U (U7 UC S IS T, I 1 1 4 ( mC .
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This is the condition for steady-state oscillation. The loop gain equation

- ITCp

-, Zt " . -R (31)

Loop gain tends to increase with increases in the tube tranaconductance and

will decrease with ircreases in Cp, Cg, RL, and R . Sise rg and RL both

become smaller at the higher frequencies, indicating and increase in t, t

is expected that operation of this circuit at higher frequem es may becoe

I ~ marginal. This has been verified experimentally.

The circuit r-s not been investigated in great detail, since

preliminary performance measurements indicate a lack of desi: ible oparating

characteristics. When used with subminiature filament-type tubes and typical

circuit parameter values, a loop gain of approximately unity is obtained,

which is marginal froma t- e standpoint of both starting and operating

characteristics.

E. Analysio of the Feedback Oscillator

The circuit diagram of the Feedback oscillator is shown in Fig. 28.

Although operation is indicated with the use of subinlatura f1. n.*nt t,-_

triode tubes, the analy-ii presented is applicable to other types as well.

The c-rcuit, with the crystal removed, is basically a tuned-plate tme--grid

. configuration. The output is developed across the plate coil, L 2 p of the

- second triode. The feedback wnltage is obtained rrom a tay p, this -- l --4

is fed back through the crytrl network to the grid circuit of the first

7triode. The output voltage of this tube is developed across its plate coil,

L.pi ".- is applied to the grid of the second tube. Te combination of LP2J and the plate and load capacitances are turAd to the resonant frequency of

-63 -
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the crystal, as is tla ombination of 1 and the stray capacitances due to the

,late circuit of the first tube and the grid circrit of the see-,nd tabe.

Th loop gain is giva by

0 - A1  AA'.; (32)

Aer A I is the voltage gain of the first amplifier stage, 2 is the voltage

gain of the second amlifier stag., Ax in the ratio of the first amplifier

input vol e to the tap "oltage and V,2 is the ratio of thq second amrl i

output voltage to the tap voltage.

The individual voltage gains are given in the folloing expraseions;

where te tube and rircuit parameters are transconductance of the first triode

amlifier tube, g.1; transconductAnce of the second triode tube, gm2J the load

(f 0-w first stage, Including all plate circuit loases of the first stage

and grid circuit losses of the second stage, LIaj the total load in the second

stage R12; the series resonant resistarci cf the -rlystal umit R x and the total

of all grid circuit losses in the first stage, R!.

The gain of the fir. tri e stage is &,a RL. i,-n of tha
- . t.inda sate is given by _ U,,(R, f "I . x * ft ), The

_,(P. ~ + g11!

tap voltage is simply the output of the seanrd triode multiplied by 1/4pp2 The

input to U-% first triode is Rgt/(R + RS ) tiae the tap voltage. Therefore,

the saresaio for the loop gain is:

0 (33,)

+ Rx  R (3)
o ulMig 2 "2"L e-"g'g0-101 is p R (toU. g 1 " .R 1, -Rg1 ) T

or simpifyi6g



It can be seen that increasing 1 will docrease the loop gain, but inereasoe

in any other paramter will increase the loop gain.

This circuit was developed specifically for ase wilth siniature

fi]ment-type tubee. Lvmveer, with mzisting values of trancmandutaneo for

ta*e@ tube, It im" been foun that the circuit will not oecillate. Even

with the ue of Indireetly meated cathode tube types with % values of

4000 shoo operation aw mrgivnal. No advantage is offered by the Feedbomk

P"... , sime it is swe. difficult to construct and adust

than the Orowded Orid and the Cathode Coupled circulte.

F. A 7z - ,f .4 *h amitgnea Transformer Cogled Oscillator

The Capacitance Transformer Coupled oscillator in shiown schematically

in f1g. 29. Thl vircAt Is siailar to the conventional transformer coupled

oscillator, except that the feedback voltage in obtained from a tap on the

plate coil a-d i. applied throu& the eryatal and a pi network to the prid

nf thi tube. hie pi network is an impedance abd phase inverting circuit

vhich matches the low £ pedamw, i- t:; ryvtrl to the hie. =pedace aL tho

grid. Inherent in tis eystem in the voltage step-up from the crystal side

of the network to the grid side. This utep-iW is approximately equal to the

ratio of C*L gk .

The loop gain equation for this circuit is

0 - Am As
O~A~a~iJ 35)

P

where Aa is the gain of the amplifier stages Ax is the ratio of the p! network

input voltage to the plate coil tap voltage, 1U is approimately the ratio

C_/Cu. and I- is the ratio of the ostillator plate voltage to the tap

voltage. All loading effects are included in RE Lhich is shown from the tap

A 0. I L 5i 11CW . OUMOATION 01 1 LIO~ L I 4ITU
T
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FIG. 29 -CAPACITANCE TRANSFORMER COUPLED OSCILLATOR.
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to ac ground.

The efectiv implifier load, for gain purposes, is the tranaformed

impedance of RL in parallel with the equivalent impedance looking into the

crystal rmtworl from the tr-tnsformer side. The individual gains are given

by the following expressiorsi

Aa - g, W 2R L  (R x  + r A 2 )

A a £irr L ( K6

Rx  + )* 
(g6

where g is the transeorductance of the tube, Rx is the crystal resistance

at serles resonance, and r is the equivalent ac input impedance of the tube.g

A * r 7ff
A + 2 (37)Rx . r/

9 gg

The loop gain, 0, then is:

O-gmb NN R I rg
- P z I -A. (38)

r N (Rx . RL)rg £

which my b1 comparad '. the eq,--tinn fnr the loop zain of the Transformer

Coupled oscillator, equation (27).

For an analysis of the pi network, ?ig. 30 shows the equivalent

schematic of the major components and parameters. The input voltage, e, is

i -ro -t tO ...... z *i ) +- taue from wrid to grournd. r in

the ac input impedance of the tube, Cgk i!! the stray capacity from grid to

ground, C is a ohysical cspecitnr in addition to the crystal-to-ground£

strays, and L is the grid coil which tunes to the series resonant f'yequenky

of the crystal with the series ccabination of Cgk and C 9

I 0 1a 41 SL C. OU.r- - . 0 L 0 S NS,, l r 0 T C . r, Og

,,,o. ,::L..c~ -o 8 -~ 0 ~ ~ o
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e1-.5 c i  C~kr .+-c

Fig. 30 - Equivalent Circuit of the Pi Notvork

The ratio e1C (/ i ) is

-Ci i gl

£ Czk I (09)

If r is largo compared to the reactance of a capacitor equivalent to the

series combination of (gk And Cg. the secon term in the derminator can he

neglected and (39) reduces to

C. - C CCk (40N

The pr eence of r results in a phase shift of less than 1M, as evidenced£

in equation (39), and the crystal will operate at a freq-ency different from

f to compensate for this.
5

To lesson the effect of the Imaginary tcrA in (39), it is necessary

to lacreaas the value of one, or poeaibly all, of the components in-tolved

in U11 thi.s. ne the value of r- 4s limited by the charactrietics of the

tube anid tne bias resistor in the grid circuit, suitable valuas of C. and C

-69-



must be used. The ratio of the real to the imaglnary pmre of equation (39)

is,

ReAl Wr C'

Imaginary Cgk * Cg (9l)

To make this ratio as large as possiblep C k may be increased by adding

capacitance across the grid strays. The limiting value of Cg k Is determined

by the vise of the physical coil needed to tune the grid circuit.

it can be seen that the loop gain, equation (38) is maximum

at some Talus of IN . This occurs where

7 l rQA-a

2x (R(4RL 
(2Z 

-)
0 .1 -- ( , , L )  (

using typical circuit parameter values, 0max for this circuit rang.e in valu

from 2.0 to 4.0. The only frequency-dependent parameter in equation (i3) is

l' ov. owever, 
0
mAX is proportional to the square root of rP and thus is not

av frequency-depetiont as night be expected.

The crystal drive level in a function of tho plate coil tap voltage

and the impedance of r reflectad into the crystal circult. This is dotrmined

by the capacitance ratio, X .

The effects on loop Cair of the various circuit parameters are

listed belowv

- 70



a. I'r.eeme in N decrease the loop gain and output, provided
W ia rreatr than the value shown in eWuation (V ).

b. Increasing the grid bias resistaoi ic,-reaeo r and V N and

lowers the available outout.

c. Maintaining a constant capecitance ratio and increasing C k

and C e1 increases, lowering the output.

The three variations listed above all have the affect of iaproving the phase

characteristic of the pi network with the result that the cireidt operates

closer to the series resonant frequency of the crystal with a corresponding

loss in output. TIds loss may be compromised by increasing g. Np, or I

.



IV. IftDMTAL Cin=IT OPATINO CHAUCR STICS

With the development of the equivalent circuits and the loop gain

equations, given in the preceding section, .-----= -

v4-- made and the results are presented and discussed here for the Grounded

Grid, Cathode C.nupled, and Capacitance Transformer coupled circuits. In order

to obtain information for devising a design technique for these oscillator

circuits in the frequency range of 75 to iO mc, circuit component values were;

varied and the resulting changes in circuit performance were tabulated and

graphed. Use of these graphi, allowed the choice of a circuit arrangement

having the most desirable performance characteristics.

To determine the (hanges in cireuit performance with variations of

circuit components, a referince cifr,,"t for each oscillator at the various

frequencies was chosen. In general, the reference circuit represents optimu

conditions of operation. In the graphs to follow, the basic circuit schematic

is shown with appropriate component symbols end the values of the reference

circuit components are ir =d/.

Component changes were effected on this reference circuit and the

changes in oscillator performance plotted. In general, the plate supply I
voltaC, was plotted am the abscissa with the ordinate representing two

perameters: the output voltage, e, and the crystal driving powbr, 7x Curves

were obtaind± by holding all but one cumponent constant at the reference

circuit values end varying t,,-e one through a range.

Circuit layout -aterially ef'ects the performance of an individual

ui.. t io n of proper components Is also critical. As

reported in 3ection IT, good grotavling is the major layout concern. The

cenwerpost of 6u4 tu b bans; u-e-d -e - primary groundinR sources.

keepin4g all lead lengths as short
. as possible.

*soua IS L*CN O LI . D TI C I I T I I T. T Or I kC.-W Ou OGY
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A. erformance Characteristics of the Grounded Grid OsillAtor

The preliminary referenes circuit of the Grounded Grid oscillatnr ir

in Fig. m1. -tworinn nt values are ndicated on the schematic, These

vmlues were selected to insure oscillator operation throughout the range of

frequencies and Dlate supoly voltage@ used, but are somewhat arbitrary. By

means of varying nne comoonent through a range of values and keeping the others

fixed, plots of perfoimance variations were made. The resulting graphs were
Sarwlysed and a reference circuit was determined which would produce optimum

operational charauteristics. This circuit was evaluated at frequencies of 71.

105, 135 and 150 m.

i A tyoiral set of graphs is shown in -rigs. 31 through 38 for the

Grounded Grid oscillator ooerating at 1 0C mc. Thes- figures show perform, arne

variations with changes in &, RX. R.L Rk, Rg CI, end tap point of the pla'a

t cril. Using tne loop gin analysis results for Lue it can b_r ~ from equation 111-6A, that the outpat tncreases for increasing values of N.
RL, and 'a. The experimental resuIts shown in Figs. 32, 34, and 38, for

variations in g' RL' and&t, respectively, verify tsis conclusion. IncreaslIng
the tap ooint (which is defined &s At, the incremental increase in the number

of turns from the initial tap point away from the grond :nd of the cO412, planq

a 1 ijher voltage at the inp-A of the crystal and also at the input circuit of

I the tube, raising the output and drive level. In addition, increasing the

val of . will rbduue th* output, as e1inhr roz the loc- gain equation and

verified by the results in Fig. 33. Increasing thie b.' 5 vol4 on the --"te

will decrease the tranacorductance ari, consequently, the output. This is

shown in grapha of Figs. 35 and 36. Although 0f is not a critical ctrcuit

oaraawer, the variations in performance produced by changes in this component

are nhwn in 1.g. 17. The selection of the p,oper value of nls component

iiiiI-



6AH_ P.RENTIETICAL VALUES

2oo USED IN REFERENCE

_R IN OHMS10.5 Lp

Re 300 L
L r(0.3 ) '0i ( 0)

10K) 

81

T 'c 300

FIG. 31--GROUNDED GRID OSCILLATOR AT 105 mcs.

GROUNDED GRID
14- OSCILLATOR -7

105 MEGACYCLES /1 * 1
'° -- I,, I --

10 Dc, 13

0 25 so 75 100 125 150 10 S
SUPPLY VOLTAGE-VOLTS

FIG. 32-CIRCUIT PERFORMANCE WITH CHANGES IN

- 7L4 -



I . . .. - .-..-../ -!SL° ,GROUNO D -- 1 14 OSCILLATOR
3 12 105 MEGACYCLES

VOLT 
4 Px

VOLTS __ _ 2

0 25 50 75 100 125 150 1T5
SUPPLY VOLTAGE - VOLTS

FIG. 33- CIRCUIT PERFORMANCE WITH CHANGES IN Rx.

i

I GROUNDED GRID 1IT .',, 1

o- -; Al

0 "4-- / OS TOR . .
12-Z

I~~ IN OHMS- IIIAVOLTS aV
671

4A 2

SU PP _

FI.3 -- CRUT PRO MA C IHCA G SI L



0,,l~~~ ~ ~~~ *,ooi_, ...- .I/ i "
" -- :,. ,.- X ; IGROUNDED GRID I

I!- O5CILLATOR -T

10LL MEGACYG.

o _ _1 I

o. R IN so P,,o ,. ,o ,

VOLI , -0 O,

4 . I aTI

e@

O 25 so 75 10O 25 ISO ITS
SUPPLY VOLTAGE -VOLTS

FIG 35-CIRCUIT PERFORMANCE WITH CHANGES IN RK,

i~GROUNDFD GRID+

L05 MEGAGYCLES-1T

10- Iii7 #
e. a R 6 IN OIMS 4

VOLTS L _______I

0 25 50 75 !00 125 IS0 175

SUP PLY VOLTAGE -VOLTS

FIG. 36 -CIRCUIT PERFORMANCE WITH CHANGES INR



I I _ _ _ _ _ _-I . l

g GJrOUNDED G(-IO ___-

;0. ';EGAGYCLES

o -x pp , - * - t-
C, ,.1,// A f-4P

I- o Xf I t oV/OLTS ' /1mw

1,0 25 so 75 100 125 150 175
SUPPLY VOLTAGE -VOLTS

FIG 37-CIRCUIT PERFORMIANCE WITH CHANGES IN CF'

GROUNDED GRID r- 1 ,i
I d:I I LATOR L.

105 M.IEGACYCLES

,o__ _ - °

2 t,

L 0LI ,__ -0

0 25 50 75 100 125 10 175

SUPPLY VOLTAGE -VOLTSFIG 3 -CIRCUIT PERFORMANCE WITH CHANGES IN TAP POINT

Eli -



depends on the leakage inductance of the plate coil that appears at the tap

and i ehosen to ivoonate wi Ui a t * e reecmnt f. .

queoy of the crystal.

Selection of the component values for the finalised reference circuit

requires an evaluation of the pe ormanee graphs of the oscillator operating

throughout the entire frequency ranga. This evaluation was accomplished, being

baned tr -uch performance characteristics as output voltage, crystal drive

level, power ratiop frequency correlation, and frequency stability with changer

in plate supply voltage, The resulting reference circuit, given in a later

sectinn. is then used in the dev~lopaent of the design method.

B. Performance Characteristics of the Cathode Couled Oscillator

The preliaitary reference circuit of the Cathode Coupled oscillator

is shown in Fig. 39. This circuit was experimenta2ly evaluated at frequencies

of 75, 105, 135, and 150 me. Typical performnee graphs are ehown for operation

at IOC me in Tigs. LO through 66. These figures show performance as a function

of the values ,f g,, R, ILL, Rkg, Rgg, and Rgc (see circuit schematic for com-

ponents associated with these symbols). To compare the theoretical cn-

siderations with the exporimantal resulte obtained here, reference is mado to

the loop gain equation for the circuit indicated by equation 1T-9.

The expected increase il output with increasing values of ga and L

is shrnn by inapection of the graphs in Ties. 4O and L2, respectively. Output

decreases with increasing values of RX as verified by Fig. 41. The bias

coaponenta of the grounded grid stage, Lg and R ., lower the transconductance

of the tube with increasing value of resistance. Renci, the output decreases,

asr .dlo--tcd i t... gr ape of ... !P- )." atki L6. resrpectively. Increasing the

resistance of R., lweri the transcondctance of the tube; however, the output

P D~k lj LAIC, rONATO Or ~O1 S~U OF TICI.OLOGY
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I imedance of this stage is such that th. level of feedback is greater, ,•Mdng

to increase drive and output, as shown in Yig. Wt. It can be seen that RH Re

is actually part of the output loading. Hence, incrvasing this couponent

3 value would decreas. the loading and increase output. This is verified by

the results shows in Fig. 45.

By evaluating the results thua obtained for operation ofer the

frequey rang ad plate supply voltages ased, a finalised reference circuit

was established, which was used as a asis for the d.eig n ......

1 C. Performance ChaacturlatiCs of the Orounded Grid Subminiature

Tube Oscillator

An investigation of performance of the Orounded Orid oscillator with

the use of tubes havne directly heated cathodes has been made. The circuit

diagram is shown in Fig. 4,7. Cpratical c -..- tzrizticL at 75 arde tr me Are

jfound in Tables rV and XVI.

This circuit could not be made to ecillate as a true crystal

controlled oscillator because of the 1o tube tranconductance and the

resulting low loop gain. However, it is included here as a useful circuit

f-!- @ t~n applinatior.-. bDerimentc indicated that oscillation could be

obtaizwd If another feedback path is provided. This path consists of the

plate-to-cathode and eathode-to-ground capacitances. If the latter is

completely oompensated, no oveilb.ions will occur. However, if the cathode

. . 4. ae..wtaM an that a small effective capacitance appears from

I cathode -to-grouwd, oecillations will start. Adjusnt of the circuit can beII mae such that the crystal must be present to sustain oscillations resulting

in a ory tal atabilised oscillator, but one of poorer stability than that of

a true crystal controlled oscillator.
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I
I !" I "P I" o T 1 , b

oka I volts I PP - Pt-

1o. 1.0 I25.1 25.1 -i.8 2.4

2 125 2.8 54.1 19.4 -12.' -

150 1 102.1 2L.9 - L.5

12 5 1.5 30.0 20.0 -15.o

150 2.0 6.8 2.J -2.34-

Ii. MM TWTM TA TJt Lm Ar 7r2

T!,t/ N ! , __ __° __- . t, at

50 0.3 25 8.3 - 2.0

.. I 8.7 .11.7 ,

1 00 63 54-5 I 8.7 .03 8.6
50 0 2 .25 12.5 -1.3 -

51 75 1 1.8 20.0 11.1 * 0.1 I

l "-A . I - - I .1 A.1I . I I i.. .. __,__ __ _ ._ __ __ I.

TAUl X" - POMM CHARCTIISTICS (W TED GOR
O5I E U J...Z" TUBI OICIIJ(t.A AM 105 --

A 1 0U I I f S 1 A C I OU N ATO 01 LL N I U T 9 01 ? T 9 N0L 0G y

85-

h



In addition, measurements of crystal drive are not realistic

developed at the cathode iapedance is the som of that developed by the

orystal network and the plate-to-athode and cathode-to-ground capacities.

As a result, lnd..ated crystal drive levels are low.

Design inforuhtion, an such, was not developed for this circuit

because of its limited use. However, general desIgn procedures are sixilAr

to those -f the Orowded orid circuit using indirectly heated eathr). +-±

types. Refer to Appendix I, Part A. 2 . for coil winding data. eta.

D. Performanee Characteristics of the Capacitance Traw ur

Coupled Oscillator

During the course of investigating circuits for operation with

directly heated cathode type tubes, the Capacitance Transformer Coupled

oscillator was developed. As discused in the previus section on ciruit

analysis, the impedaematchi"g effected from the crystal to the grid circuit

and the inherent voltage step-up of the pi network provides desirabie

performance characteristics for this circuit.

The ewhemaLic of the circuit is shown in Fig. 48. Performance has

been determined over the 7 to 150 mc frequency range. These characteristics

are found in Table XVII. Use of this circuit with filament type tubes,

instead of the Oro ded Grid oscillator, is recomnded since the output is

o;yw-.i- comrruiel, rather than crystal stabilised.

The recommended oscillator circuit uses a 5875 sukiiniatre- nentode

with a nominal g of 2500 uanhos. The nominal load resistance is 500 ohms.

Coil vinding informat - -. ' - P,

irofctance, Lxs is preseatos in Fig. 49 and Table TIrii. Howver, L may be
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I ohm vol ts Volts 3w Ew PPM Pfl

6o 4.5 4.0 0.9 7.3 ,

22 75 6.9 9.4 1.6 - 2.3 -

90 9.6 18.5 2.3 * 0.5 4.0
75 4

60 5.0 4.9 1.0 -2.0 -

4o 75 7.7 11.9 2.0 * h -

90 10.6 22.5 3.7 * 8.0 3.8

' ~3.2 2.U 0.7 -u.4 i-

30 75 5.5 6.1 2.6 * 9.6 6.6

90 9.7 19.0 5.3 *16.6 -

60 2.8 1.6 0.5 - 5.9 -

40 71 5.4 5.7 2.0 4 71 5.9

90 9.4 17? 6.8 16.4 -

75 1.6 4.1 2.o - 5.5 1.9

90 6.6 8.6 2.3 * 6.6 -
135 1 .K 1. 1. .

68
90 6.6 8.6 1.3 * 1.7 -

75 4.2 3.6 1.4 -11.3 3.6!
53

90 6.1 7.5 2.5 * 7.2 -
150 15,- ,.i 3.3 t;. - ,

82

90 5.6 6.3 1.4 * 3.5 -

TAPLI IVII - PE10'R(NC! AND STABILIT! CHACTUSTICS OF THR

CAPACITANCI TRANSFCRTa COUPLE OSCILLATZ

75 - 150 mc

aI OUI I I1 AICW H OUNDAT 10 Of 1 L I N 0 I ' 1T TUTI 0 T&CW M OLOG



!

.6

.3..

o !\ i-

I, i-- i i
o70 80 90 100 110 120 130 140 Io

FREOUENCY - MC

FIG.49 -INDUCTANCE VS. FREQUENCY FOR THE
CAPACITANCE TRANSFORMER COUPLED
OSCILLATOR COIL5

75- 150 MC

-I



,o T o 1__ Gage ____ I )A

- 32j 1/-, 21 . .670 10

75 . 56-0 20 3/8 7 - .4lo 85

1 20 3/88 12 .5 100

Lo 8 I2 6 . oo
I Z2 14 1 - i.370~ 5

L, L96- u 20 11 5 ."10 80

L 3 -D 20 1/2 7 1 .301 10

24 3/8 10 - .210! 25

135 ' 16-0 20 38 4 - i~ 7

L0 /6-0 20 1/2 6 - 14 It 0

- 214 5/32 SI - .?d 33

150 iT L56-Dl 20 1/2 4

LP L6 - 0 20 1/2 3/4j.16oj 60

NOTA . is wound on a 2[, 1/2 watt carbon composition resistor.
The indicated coil types for Ls and IT are Caabrido Therm-
ionic Corp. form, 0.260 O.D., 27/32. long. 14o- is the
par! miabr specifyi--- ths coil fors type and siae. The
ouftix desigutes the core fomulatLion.

The tap on Lp is measred from the gound end of the coil.

The Inductance and 4 of all crystal coils, . ., were mnesured
at 50 mc on the Boonton Radio Corp. 4 MoLer, Model 160A. The Lnd-
uctanoe and Q of L and LT were meaaured at their operating freq-
uencies on the Boanto Radic Corp. Q Meter, Smiel 170A.

TABL XVIII - CAPVCITACIC TUkAF OU M CH CILLhT0 COIL IT=

75 - 150 ac

AIhOUJ 1II IAC N P0 UWDAIO 0 1 L L1'NOIit NSTITYVI i O TACkONOLO09



either tambla or fixed. The indn data is to be used as a guide in

selecting the roper irwhmtame of the coils, although following the exact

con tguratioa is not rno@sa.

Initial tuning ad3tumnte of the circuit arm an follows. LZ is

wired acroes the cr7etal socket terminals and all other corneeotion to this

.. swcket are removed. With the crystal plrjged into the sochet, the coil is

adjusted to resonate with R of the crystal, at the crystal frequency. ?,it
0

- may be accoplishAd with a grid dip meter (Measuemerts Corp. Model 58

Megacycle Neter, for Instance). The correct value of inductance is indicated

- - when the dip coincides with the activity peak of the crystal unit, although

this ad -itment is not critical When has been tuned, the crystal is

removed from the socket and one side of Ix is opened. All other normal

connections are wired to the crystal socket and filament power is applied to

th tube. The plate supply toltage in left off. L is then tond by use of a

grid dip mter to the n inal crystal frequency, n At * Ua point, P may be

approximatelv tuned by the same prcedure. Lx is rewired on the crystal eocet

ari~zd with tht crystal in place, the supply voltage Is applied. Lpis now

ad3usted for Asica- ontput voltage and the procedure is ocmplete.

S"revral cmonent and circuit parmter changes may be effected to

* obtain specific perform Nee characteristics. The more obvious methods of

* jJ rmisin output voltage are to increase the load resistance or ier the bias

;;-..a .- =e. -s-r-
4

wr tat "y be used is to raise the coil tap point.

The selection of the proper tap point affecto the drive level of the crystal,

i ad Is thas limited in rane in order to keep the power dissipation within

prescribed limits. In addition, since output is a fumction of the ratio of

C to C &V It can be seen from the 1oo1i gin analysis (equatiors IIl'-38 a

-4) that increasing Cg, by padding the grid-to-grurvd capacitaice, will

1'-I -91-



result in hi &er output. Hoever, crystal di ive will ale increase.

Therefore, the ratio should not be E--&U-1 th.n 3 -r h to one. Another

imiting factor on this ratio is the Owsical sise of L needed to resonate

the total capacitance at the desired frequency of operation.

lthoush the 5875 tube in used in portable eqiulmlt where i o

requiremnte arp critical, another type, the 6612, is a suubiriature filament-

type pentode that utilises a 0B3 supply of 50 volts and vrovides output e-m-

parable to that of the 5875. The nosinal it of the 6612 is about 2aW ,ahos.
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V. fLOMWUT OF THE DYSIGh WTHOD

I With the determination of the performance of the Cathode Conpled

and rofinded Grid oscillators, and the development of a reference circuit

for each oecilistor that operatoo over the -l,,,,-m f- - r , 4v c-,,..

• plate supply voltages, it was necessary to investigate the operation of the

oscillator circuits over a wide range of conditions. The result of thin

investigation led to the establiahment of a set of design criteria for each

.ireuit type, which, i-, turn, wa coordinAted into a complete design method.

*Performance curves for the two series resonant circuits were pre-

.o in t e e inufi fection. In order to obtain correlated data, the

vieralizedreference circuits were subjected to a wide variety of component

and circuit parter changes and the resulting performance data evaluated

with the aim of genera Aizing thir information and deriving a jet of design

criteria.

T
he initial approach was made by int-polating the performance

cu-e,. of whh those I n he previous sectlon are typical ealmples. By

Jvarying crystal resistance and 'oad resistance at several levels of plate

supply voltage, a set of cr-vw-s wer. plo-ttedr from t). data. Since the

curves were essentially linear, sia2le equations oould be obtained to describe

performance. Hwever, v iriation of other circuit components resulted in

nonlinearities that were difficult or impractical to describe in this manner.

Y ,n in~A~ relTw..*~ . .

a survey was made to determine those tube types which would satief'y circuit

requirements as indicated by the loop gain equations for the COrouried Grid

and Cathode Coupled oscillatorm (equations M1I-4 ad 111-9, reupectiveoy).

IIII - 9 I -
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Although pentodes may be mosed, they are undesirable xinc, most Ull approved

-ypaa the uM-.-."anr connectd to the cathode internally, increasing

the poesibility of incontroled oecillations due to the increased plate-to-

cathode capacitsnce. For general purpose appL]i cation, it was fourA that thm

5670 miniature dual triode was the most suitable. The trensconductance of

this tube type is well above the minimum required in either oscillator

circuit type, where typical component values are assmed. In addition,

having both triodes in one envelope in convenient for use in the Cathode

Couapled ci cuit, and the additional triode stage for the Gromade Grid

circn-t. can be advantageously utilised as a buffer aplifier. Other type

suitable for this application are the I2AT7 and 6021, the fcrier being a

prototype of the 5670 and the latter a subminiature cathode kpe similar

in characteristics to the 5670. In add tion, two separate triodes may be

used for the Cathode Coupled oecillator, provided the g ia greater thn

2000 Wahos.

Since it was desirable to simplify the use o" the design method

as much as possible, it became necessary to determine a single set of re-

ference circuit components sitbla 'or use throughout the frequewy range.

Performanca of this circuit is then determined as a function of frequency

and the effect of component value on performance .a then determined and

plotted as a normalized curve with respect to the performance and ccponent

value of the reference circuit. This method gives a more realistic measure

of circuit operation t.an that attepteo previously.

The only casponent changes necessary throughout the frequency

r--n- were the cath i eni; L . the plate coil, Lp and the crystul

compensating inductance, 1 Z. LK and L are tunod to the circuit and stray

.4U uo~ 66LLARCH Foum I TIO. OF L . S .O~ ,FTITLF 09 TEt OGY
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capacitmces in the cathode and plate, respectively. L, is resonated wit;,

the ahmt caoacitance of the crystal.

The major conslderations given in circuit construction were in

0. proper groumding techniques, lead dres, decoup!ing, and part placemnt.

In general, grounding was accomplio,-. tL Lhe tube base centerpostb aand the

power plugs. Placement of parts was determined to hold lead length to a

minimum. For the test circuits output voltage was made available through

a pin Jack. To obtain frequemcy measurements, connection was bade, by

mans of a small capacitor, from the output to a coax connector. The

S crystal socket was placed for insertion of the differential voltmeter probe,

described in Section II. Decoupling was accomplished with ,c, oercal4

I available inductances and capacitors. It was found that 470 mmfd disc

ceramic capacitors were suitable for use throughout the frequency rangs.

;jPlate decoupling coils w gmerally 3.3 0h and filament decoupling coils

were 1.0 p&h for most circuits.

IWith the establishment of the reference circuit, component var-

iations were made and the resUting performance Was plotted. These per-

formance characteristics were output voltage, e; crystal drive voltage,

.e; the correlation betwen circuit operating frequency and the series

1remnwait frequency of the crysta , Afs; and the frequency stability of the

, cite ; with changes in supply voltage, Afb, and filament voltage, Aff.

Output voltage as a funmction of supply voltage was determined for

the refrE*nce circuit at each test frequency. The sets of data were then

Icorrelated produoe the graph of output-frequency characteriatics of the

tw oE1cillators. Similarly, the crystal drive voltage was measured, for

I the ritferencm circuits, and plotted. Frequency characteristics of the

I " tt, % A OUN) O * , . 4IO % UTi~ 9 Or TCI OLOGv
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referencc circuit were determined and tabulated.

The development of the di.ii,. zzth'. - ference circuit

having the desired characteristics had been obtained, consisted mainly of

varying circuit component values over a chosen range and noting the

resultant affect on circuit operation. The circuit componentL and

parameters varied were the bias resistances, crystal resistance, tube

transconductance and the oscillator load resistance.

The output and crystal drive voltages were tabulated for each

component value, over a range of plate supply voltages. It was found that

performance is dependent an percentage component change to the sawe extent

at all frequencies throughout the range. The information could thus be

generalized without any lose of accracy. Consequently, graphs of output

versus component vlues were normalized with respect to the reference

circuit values.

The complete design method for crystal oscillators operating over

the 0.8 to 150 mc frequency range is presented in Appendix I. Part A

S3c-€ten complete in!oroptrm on the Grounded Grid and the Cathode Coupled

oscillator circuits operating in the 10 to 150 ac frequ-nc) range. A

complete description of these series resonant circuits is given, with respect

to circuit constru,t'on, component characteristics, tuning procedure, design

, plz =- prf!. _ .nce chanctaiant.1,a. Similar information is given

for three antiresonant circuits in Part B. These are the Colpitta

(Grounded Plate Pierce), Electron Coupled Colpitte, and the Milei

oscillators. Basic studies of the Colpitts oscillator were completed oa

a prevlous Foundation programI . As a part of this program, the available

* I oul l n~ lc OU,.D.'O". Or ,L I ,.SrTTUTn On TIcHO oGY
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nforntion was rechecked and the frequency range extended to eO ac.

k erforume informtion for sumaniature filament typo tube circuits a

been presented in Section IV.

I:

i

II

*> 3 -97-

Au



Investigations have been made of the performance charecter'itics of

the Grounded Grid and Cathode Coupled ocillators operating at frequencies up

to 2C0 m. In general, it has been found that the circuits must be operated l
at a higher level to sustain oscillations. Output 7,oltage is somsewhat lover

and czystal drive higher than that exoerienoed at the lower frequencies,

Crystal unitm wer6 obtained from. s reral "lrafacturers at the

specific frequencies of 175 and 200 me. The series resonant resi~tance of

all units was less than 100 ohms an iasuracd in tw modified TS3-683 Crystal

Impedance Meter. The 175 mc units were mounted in C-6/U holders and the

200 mc unita in HC-18/U holders. The crystals opereted on the ninth overtone

of their f---amental frequency.

Circuit constructional details followed the form of the lower fre-

r--ncy oscillators. It was necessary to use extreme care in the wiring of the

circuits because of stray capacitances and lead inductances. It was found

that many circuit components, spec2-fically bypass and decoupling caoacitors

and some R? chokes, exhibited seif-r eor.*ame at the nneillator operating

frequencies. Silver mica capacitors were chosen for most apolications and

choke coils were selectod to minimise decoupling problems.

In order to ,Uztmin reocnsable soeration of the Gro'nded Grid circuit

throughout the range of frequencies and plat. upw2, ! over which it was

tested, it was found necessary to decrease the cathode blaa re.istance to 100

ohms. The load resistance usted was 10,000 ohms. At 175 mc the output voltage

developed varied from a low of 3.0 to a iigh of i4.0 volts as the plate supply

voltage was varied from 75 to 10 volt-. Crystal drive ranged from 1.0 to 8.0

mw over the 5ane oPerating range. ihe average value of \fb ,as approximately

7.0 o00. At 20(G m it was necessary to reduce the cathode bias resistance to

- . Oua RL S AtC rOU. VATIO. O)F k '.O1 WSTITU1 6 Of IECH .0tGI



zero. Here, the output voltage and crystal drive were in the Game range of

__w am thnma at 1711; m The averaae value ofdf, was about 8.0 ppm.

Pror., operation of the Cathode Coupled Circuit was somewhat more

dto obtain than for the Grounded Grid. However, by masking R. equal

to Zero and R equal too 100k it was possible to obtain crystal controlled

operation even with tli 5000 ohm load. Oscillations could not be obtained for

r plate supply volt.ges lose than 100 volts with this Oircuit arrangement. Out-

put voltages from 3.0 to 10.0 volts and crystal drives from 1.0 to 7.0 mw

were obtalied for a ring. of B+ of 100 to 150 volts. Frequency correlation

figures were below the series resonant frequency of the crystal by approximately

10 ppm. Frequency stability, d fb' averaged about 10 ppe over the freqaency

range and plate supply voltages used. The above performance information was

common to both the 175 and 200 mc circuits, although operation at 200 mc re-

lsuted in slightly less output voltage, even though the load resistance was

increased to '(O ohms.

The r-sults of the limited tests at these frequencies indicate that

circuit performance follows the trends shown in the design data. However, due

to the low output power ani high drive characteristics obtained at 200 me, it

I seems that the upper limit for conventional crystal oscillator circuit

arrangements is being approached. Two possible avenues of further development

are indicated. One is the use of circuits having distributed parameter

components, the other w'uld be the use of a circuit similar to the high

:requancy CI Meter unit fol) wed by sufficient power gAin to provide reasonahle

output.
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Vi:. CONCIIMIONS AND R3CQ4MKWDATION

Investigation of tl. ',erforuiance characteristics of a variety of

cryrtal oscillator circuits has resulted in the development of a design

method for a select*A group of series anid antireponant oscillators. Two

series resonant circuits, the Orouawied Grid and the Cathode Coupled oscil-

lators, chosen from a group of twelve circuits, exhibited the most desirable

characteristics of output voltage, crystal drive level, circuit construction

and tudig, a&ia frequency stability. Variation of circuit components and

parameters over a wide range of values resulted in the determination of a

set of performance characteristics which could be normaliaed with respect

to those of a reference circuit capable of operating over the entire range of

frequencies and plate supply voltages.

From the generalized information a set of graphs and tables were

derived for each circuit type, which can be used to design an oscillator at

anyv aecific frequency in threrarige. -Ahe rererence circmnt, on which design

changps may bo made in order to obtain specific performance characteristIcs,

is the basis of all measurements. It is recommended that this circuit be

used without design changes wherever possible. Fowever, if design changes

are required, the accuracy of predicting output voltage is within 20 percent

of the values indicated for specific circuit designs. Crystal drive Wa~ be

predicteed with an accuracy of approximatelY 30 percent, based on measurements

of crystal voltage and assumed resistive operation of the crystal.

Three antiresonanyt circuits, the Colpitts or Grounded Plate Pierce,

the Elactr-on Coupled Colpitta, and the Miller oscillators, have been in-

eluded in tha design method. The bulk of the investigation of these ci-cudts

had been performed on a previous program, but were investigated1 further in

A "4H(DUR s kS [I aC . r 0U k 0A T 1 0 C S '~T~ O Ti F I [C U 0L 0G Y
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order to extend the frequency range to 20 me. Here, again, the reference

circuits are recomended for rse, wbheever possible, withoxt design cha& gs.

Rowyer, iuformtion is available to effect design changes, using a format

siilar to that of the series resonant circuits.

Design information far two circuits used for special application

is also included. These circuits, the Grounded Grid and the Capagitane

Transformr Coupled oscillators, utilize submirdature type tubes having

directiy heated cathodes. The latter circuit provides true crystal controlled

operation and is recomended over the Orounded Grid circuit. Howveer, the

former circuit may prove useful in certain applications, although *tability

is much poorer for changes in ambient conditions.

The circuits have been designed to provide reasonable outnvts and

utilie sound engineering principles of operation. Performance characteristics

have been optimized wherever postible to take advantage of component and

narameter ratings. The design exa lo outlined in the Design Data section

(Apendix 1) were selected to show the method of maximizing output voltage

while staying within prescribed limits of crystal drive power. However, to

obtain other specific cheracterities, such as freq n y , tabil ity,

I etc., it would be ne,.essary to investigate circuit changes capable of pro-

ducIng the dnslre,' r-sults as described in the body of this roport.

I Experimental evidence jiicates the feasibility of using the two

series resonant oscillator clrcuits ai frquce up t; , -c.

it is apparent that the upper frequency limit is being aporoached for

conventional crystal oscillator circuit arrangements. Although performance

characteristics follow the trend shown for lower frequency operation, out-

I ut powr is much lower and crystal drive is high. rot these frequencies,

- 101 -



it may be desir&.ble to se circuits having distributed parameter comrownts.

T711. ID]UTIFICATION OF KIT PMNIRUL

The fol e"ng is a listing of the key pesonnel working on this

,rolrain torother - th a tabulation of thq ar-proximate n mber of hours each

man has spent on the entire project. Additional hours for other services

are also listed.

Man and Title or Service Project Houris

R. W. Bull, Supervisor h76

M. Ippley, Assiruant Uperimental Engineer 221L

H. E. ')rusn, Associate Engineer 2056

J. r, ltrinsky. Agellstant Experimental Engineer 1 7 3Q

A. 0. "sit, Assistant Znz.noer 3552

S. A. 'berts, Assistant Noage. 271

Techni an Services 687

Supporting Services 327

Dkafting and Shop lervices 622

Others 58

In the paragr .phs to follow, the background and qualifications of
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1 1. TAR (XCMD ORID 08CILLATCR - 10-75 ac

T a. Circuit Description

The circuit diagram of the Growmded Urld oseilliator recomanied for

T use In the 10 to 75 mc frequency range is shown in Fig. 1. Coll v..c n- t

general characteristics for this circuit are shown in Fig. 2. Winding data

J at specifi frequencies is given in Table I. These are typical values used

at tVo test frequencies. The inset graph of Fig. I shown the values of the

feedback capaciL r "f, which are required at the indicated frequencies through-

out the range. The pu-pose of this capacitor is to tune out the series leakage

indutance of the plate tank eoil. Lp, and provido isolation of the crystal from

JB0. For operation over a ba-i of frequencies a single valus may be used. Fre-

quency correlation figures will be affected and -.hs choice must be mode with

I this in mind. A value at the center of the operatinL -4M is recommendiea.

MG- rocommisnded oscillator circuit, to which all performance and

design data is referred, has the following comnnt and circuit parameter

S values :

R 1 0K ohm (grid bias resistor)

RI - 200 ohms (cathode bias r sistor)

R.L - 5000 ohns (plate load resistance)

R - 25 ohm (series resonant crystal resistance)

The tube type is a 5670 miniature dual triade with a nominal g. of 5500
-c - --- r -

4
iw comporsnt values are as

shown in Fig. I. This configuration may be altered, however, where required

in a specific application. The important point is that adequate decoapl

and bypassing be maintained.

It should '- noted that for operation below 40 e Lx' which at

I -
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rq. Coil Coil ire oil,, Turns Tap L I Lg k _k
Fra Size i . L F~it

___ ft_ rTichee8 - rt~r - I-- -it -

CL- 1 1.25 - 1.7- -2

TJA L6-C 27 )Aa 15 - 1.6 6

3058 23 6.o 2.4 60 1.2 .46 l.0

L 21 13/32 11 - 0.41051- -
S -"-----

Lo LA6-o 26 !/2 10 - 0.7 90 - - -

60 2 L6-0 26 1/? 12 3.0 0.8 80 0.2 .50 .15

- 2 /2 15 - . -
Lk i16-0 12 1/2 6 -

75 L; L6-0 20 5/8 8 1.5 0.4 lo .o .53 .03

S - 32 1/1 21 - 0.7 10 -

NOT~z The indicated coil types for L and 1. are Cambridge Thermion~c
Corp. forma. 155- is 3/8" O.D., 1.O6" long. IS&- is 0.26' O.D.,
27/32" long. The suffix desighates the core formulation. CL-1
Is an Int-rnational Radio Corp. molded coil. O desigates a mica
base form, 3/16" O.D., 3/4" long. L. (at 6 --t) i@ wound or a 2U,
I matt carbon rcuposition resistor. At 75 m, a 1/2 wtt resistor
is ured. The tar )n LP is measured frum the ground end.

The innuctance and Q of all coils were measured at their respective
frequencies on a Boonton Radio CorT. Q Meter, Model 1 .

TAOLL I - GROUADM) GRID O.CILAI' COIL 0.A?

10 - 75 Mc

0. !N S . SV I UT OF T(C OLOGf



higher frequencies is used to cancel the crystal shunt capacitance. C, is

not required. Hoeer, it is necessary Lo include Lof, the series feedback

coil, for ,rvpwc -A -t -4-lit nperation. Tb's coil is

not lased at frequencies above 1 0e.

b. Coo &MS r~c~iult Construction Dtails

The recommended components ar" generally standdard, commercially

available types. This is true of all the circuits for which desien data is

presented, except where noted in the appropriate discussion. Resistors are

standard one-half wa-t carbon composition types. Generally, all capacitors

are disc or tubular ceramics. However, in some cases, stand-off or feed-thru

ceramics may be used to advantage. In those costa there variable or high

ambient temperatures are erountered it is suggested that small silver mica

capacitors be used in all bypass, decoupling, and filter networks. These

capacitors are availabie in standard sizes, and in addition, can wa be ob-

tamed in "button" shape* with various mounting forms.

Tuning coils, such as Lk and L., and special coils, such as Lx and

Lof , are comletely specified in the coil winding data tables and curves.

Decoupling and filter coils are miniature mlded types. However, -.he space

requ!.emnnts are stringent, special manufacture or hand wound coils way be

necessary. It in not necessary that the coils have the exact physica con-

figuration shown in the accowpwa ing data. Hawevr, inductance values must

be chosen to resonate with the actual circuit cap ity v~lues and must have

O's in the range of 50 to 100. The tabulated information is included T.o wervo

as a guide in selecting initial va.1-es. Since L is in a low impedance point

I of the circuit, a fixed coil may be usei ii tne op..rating frequency range is

i nt t= bro-d. Tn *mat cases a rang* of 15 to 20 percent on either side of

-7 -
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the center frequency may be covered by a fixed coll.

Sta.dard shield base noval tube sockets wre used. In order to

minimise the undesirable effects of lead inductance and stray wiring capaci-

tanro, the physicul layout of the circuit must be carefully designed. Tho

use of the tube centerpoet as the major grounding point is adv.Lsable.

The constructional details of the perform se tent circuits may be

seen in Fig. 3. The photograph shows the layout of a typical 75 mc Grounded

nrid oscillator. The c....,n nts are labelled according to the schematlc of

Fig. 1. Note that L is a fixed inductance, ns is L which is located beneath
x

the crystal socket.

c. Circuit Tuning Procedure

Initial tuning adjustments are as follows. LX is wired across t-e

crystal sockst terminals and all other connections to this socket are renoved.

With the crystal plugged into the socket, thi coil is adjusted to resonate with

C at the crystal frequency. This may be ac-ompliead with a grid dip mter

(Keasurements Corp. Mdel 58 Meracycl, Meter, ^.r example). The correct value

of inductance is indicated when the dip coincides with the activity peak of

tha crytal - nit, .......h this adjutet is not critical. Tens L xa been

tuned, the crystal is removed from the socket and ona side of Lx is opened.

All other normal connections are wired to the crystal socket and filamnt

power Is applied to the tube. The plate supply voltage is left off. Lk is

Limn tuned by use of a grid dip moter to Tne nominal crystal frequency, fn"

At this point, L may be anp-oximately tuned by the sam orocedu-e. The plate
p

coil tap poist, of which nominal values are listed in Table 1, was chosen,

fur these circuits, to provide good outvut to crystal drive ratios. The coil

tap point is not varied as a circuit parateter since changes from the chosen

- I-8 -
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I
value re:iult in decreased power ratios or poor amplitude stability. If the

tap point Is too close to the ac grouri end of the coil, oscillmtions will

not be obtained. If the tap point is too high, large crystal drive levels

and low Power ratios of power output to drive are obtaine. The operating

point to chohen in this range, mw.ing sure that the point is sufficiently high

to obtain oscillation at al values of plate supply voltage. L is rowired

on the crystal socket and with the crystal in place, the plate upply voltage

is apnl Td. L in now adjusted for mmi mun output voltage and the pocedure

is coleta. h tuning indication man be obtained by direct antering of the

Output voltage or by adjusting the circuit for a maximum grid current or grid

bias voltage. The difference in output and crystal drive resulting from

either tuning nthod is neligible. Howvor, the frequency Is hii~er when

the bias is used for tuning indication but i within three parts per million

of that obtained by tuning to peak output.

d. Circuit Performance Characteristics

Curves of outp'ut voltage and pewer, and crystal dr've versus fre-

quency of operation are shown in Figs. h and 5, respectively. In addition,

curves of required values of B4 and the resultant outpuL for constant valume

of crystal drive over the frequency range are pre ente in Figs. 6 and 7,

respectively. These grapliB depict performance of a circuit having ceopnot

values as indicated in Fig. 1. The performance *igurea obtained from changes

n ,o , nt value are normalised with respect to the rucommmndad circuit

figures. The resulting norwalized graphs are shon in Figs. 25 through 29,

on fold-out pages 55 through 59 . These graphs show output voltage, output

power, and crystal driv level as a function of the values of R, R , Rk,R,

and g., respectively.

- I-10- U
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It is possible to operat the circuit over a band of frequenciesS I without retuning the cathode coil. if the frequency of operation is within

±20 percint of the fixed-turned frwiuvriy m-, tha cathctdc t--...,rt il

vayless than~ 15 pent andi the frequencyf correlation figur v4_11 be within

15 ppm from the cathode coil center frequenoy values. Crys .' voltage corre-

lation eannot be obtained since the crystal is not operated at the series

* 3 resonant frequency. As a result, power dissipation figures are not easily

determined, but lie in the range of values indicated in Fig. 5.

I In order to utilise these curves for design of the Groundd Grid

osmillator in the desired frequency range, examples are shown below.

e. Circuit Design Examles and Use of Curves

The circuit an shown in Fig. I has been found to r.,ovide the most
iisatisfac- ory performance throughout the frequency range and s recoirkded for

I

Ithe ma or -1pplications. In !,,ict this circuit should be used without

modification wherever possie. In sa=o equipment designs the available supply

IIvoltap Wa not allow this circuit to operate to its full capabili2ty. In such

cases design changs may be ar:omwplished a shown in the later examples.

Performance graphs for the recommded circuit are accurate to within ten

I percent. The design graphs yield prediction accuracies of output, wi,.h cha ges

in any one componnt, in the order of 10 to 15 percent. For simultaneous

changes in , R, and Rk, the average of tested cases has reeulted in accu-

racies of 20 to 25 percent. Kore than two-thlrds of these cases showed

r accuracie, ' Lter than this figurs. Crystal drive voltage awasurements, made

with the aseumption of resistive operation of the crystal, re-ealed prodictionIJj accuracies in the order of 25 tc 30 percent.

I -:



It is. recommndd that wherever feasible the output coupling be

rdjumWe to provide aan effective load resiotane of 5000 ohms to the oecil-

lator at the frequncy of operation. When this is not done reference must

be made to the narmlizod lood resieancet graph of rig. 25. Figure 28, utdch

shune the effecta on perfos-manna of variatios in crystal resistance values,

can b* ueed to inicate the performance when a crystal of specific resistance

is used or to show the range of perforams. of tyical crystals for the

Grounded Grid eircuit rt 10 to 7c, me. Perftreanes is referenced to a cryotal

rosiatano of 25 ohm- Recommned military ftrye~al typom which can be used

in thl! application awe cR-19fU, CU-?IAJ, Ca-48/U, CR-32/U, CR-35/O, CR-52,,

CR-54,tJ, cR.55/u, and Cfl-56/U1. Reference should he made to "IL-C-3098P,

CrystaLl Units, Quarts' for specific crystal ioformtion much am mainum

resistsz~ limits, physicul) configuration, and frequency range.

One of the chief values of the design method prevented here is in

the rediction of ocillator performance of a given design. At specified

frequency and plate supply voltage values, performance of the recomnied

circuit is determined from Figs. i4 and ? I the output eat drive level

Talus$ we ouair tkiaii thiame d....r.d, rftrne is -Asd "o VPIs. 6 and 7 and/or

the normilimed curves to determine union circuiu. iea-au " tt-

produes the Moessa resulte. ArW parameter that muat remain fixed mould

eliminate the vae at its correaponding performance extwoe.

The noralized ca.rcuit ceomaut of pf=_--- fa -_cP &- nhtat mad

by zividing the desired or necessary paraeter vslne by the eecosemrated cir-

cuit value and the result applied to the approprsato curvwo. For example, t~l

reference loed resistance is 5000) ohms, and if the desired load is to be 4500

ozm, the nor%&eL~aed load factor, UL, is then 450O/5000, oyr 0.9. Similar: f,

I m 0 u 0 *& i C~ H : 01 '.0 1 1 1 u Ii ' C 6C . 4 0 G
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if the reference circuit output voltage is known, or found, to be .I.h volts,

and an output of 13.0 volts is deeired, then the norualised output factor N

is 3.0, or 1.55. Normalized component factors -e identified by the

subscript, an N , which indicates the component being used, such as NRLP

*g, etc., the nornlised factors with changes in RL, Rg, etc. Normalised

rerfornance factors, N , for output voltage, output power, anid/or ;rystal

drive have no subscripts. However, these factors are individually identified,

*to avoid confusion, by the statement, ON for ou.put voltAgs,' etc., as used

throughout the following text. Rtecoindsed circuit compoient or paramterIj

values given in this manual as-ould be followed, wherever possible, since the

recmnded circuit is optimum for rypica2 application.

To illustrate the use of the design graphs, the following exasmple

is given,

Assum an oscillator is to be designed havir the following circuit

and performance requirements:

f - 60 mn

B+ - 100 volts

S000 ohm

P - 2.0 si (determinec from NIL-C-3098B for
particular cryatal type)

efarring to Fig. i, it can be een that at a frequency of 60 m and a b

13 "0 volu, nlr: d cird ,iit ha an outut of aorroximstaly 17.5

volts rms. The crystal drive, det4rmined from Fig. 5, is I.Ii no. At thw

required load of bOO ohms, reference to Fig. 25 shows that fur 1 - 40OO/50O0

= 0.8, the noralised output and crystal drive factors, N', are 0.87. ach,

S where 5000 oh in the reference circuit load resistance. This means that at

the required load, the outout will be 17.< x 0.87 - 15.2 volts and tu drive

U - 1-17-



will be 1.L x 0.87 - 1.2 m. Sinc the nominal a1!o--ble drive is 2.0 Zw

it =3y be deeir-able t-:o imt-g .ncL'hnAa of imnraaing available output and

taking advantage of the drive limit. This my be done in several revs. Three

methods will be shown here.

The first method depends on the variability of the B0. If the plate

supply voltage can be changed, then Figo,. 6, 7 and 25 will be used to determine

performae. For a drxiv of 2.0 m, it can be seon from Fig. 6, that the B.

must be 115 volts for a 60 me oecillator. From Fig. 7, it is determined that

the output voltage is 20.5 volts for this level of drive. This in for the

reference circuit. In order to account for the lower load of 4OO0 ohms,

- 0.8, and N - 0.87, as shown in the orignl eample. Since operatien

at bOO0 ohms load reduces the drive by 0.87, a B4 value must be chosen which

would drive the reference circuit at 2.0/0.87 - 2.30 me. This occurs at

e - 123 volta, approximately. Under these conditions, the output is 22.5 volts.

Howsa r, the output at a load of hOOO ohm would be x z 0.87 - 19.6 volts.

For the second method, consider Fig. 26, which shows the normalized

performance variations with changes in R . As the value of the grid bias

resistor is made smaller both Px and o0 increase. Since, at the req'aired

value of load P - 1.2 m as determined above, it is desirable to lower theI

value of R to incraase the drive to 2.0 me. The factor, N , in then,
2.0/1.2 - 1.66, for Px . Then, - 0.5, for which, N for I° is 1.07. This

mane that a grid bias resistor of 10,000 ohm (reference circuit value) times

(-0.5), or 5000 ohs, is the necessary value, and the drive will be 2.0 m,

at an output of 15.2 x 1.07 - 16.3 volts.

The t W4-i method uses the information found in Fig. 27, which shows

the normalized variation of performance with changes in Rk, the cathode bias

R10U~ &SkA11C' 0 1 .II S.$IITUT OF-T- C 0L0G



I

resistor. The drive is multiplied by the factor N - 1.66 at. N 0.5 of

tht reference circuit value, or 100 ohm. The output increases to 1.1 time

the reference circuit value, or 16.7 volts, which is slightly vore than that

obtained by changing Rg.

The largeet output in this case is obtained by changing Be to obtain

fthe 2.0 = drive level. This will be true in most cases. Similar methods may

be applied in those cases where fixed output voltage or power is required.

The two remaining eraphs of Figs. 28 and 29 show performance vari-

ations with crystal resistance and tube transconductance. However, little

control can be held over these paramters unless lengthy, selective tests are

made. 14vertheless, the graphe are incl-4id to indicate their effect on cir-

cuit performance. It can be seen that a 100 percent increase in crystal

* resistance increases the dri"q and lowers the output voltage by only eight

percent each. For a ten percent decrease in g , the output voltagr decreases

to nearly one-half and the drive to about three-fourtn the original values.

The graph indicates perforv.nce when using a type 5670 tube. The u-e of

different tube types having apmroxiaately the am range of g m values can be

-vl.... by w.4e ... ..h a1n but_ miht necessitate an adlustment in est.ma.

of circuit stray capacitance and other operating characteristics.

f. Additional Performance Characteristics

Several additional oscillator performance characteristics have been

ri,-- t =-- pcseterd T" fi.-t of these is the stability charac-

teristice of the (Irounded Orid oscillator in the frequency range of 10 to 75 mc.

Table II shows the figures for stability with charges in B and fila~int

voltage. The correlation figre i- also givei f Tr a range of crystal resist-

ance and B. vul'ue. Three crystals operating at each of three freqtencles,

C . - C 0 7 LCkOLaG
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I 10, 30, and 75 me, are shown. Af is the correlation figure, and is defined

1 3 e the difference batween the oscillator operating frequency and the series

resonant frequency of the crystal as determined by aeasurement in the

ITS-683iTS CI meter at 2.0 mw drive. This figure is given in parts per million

(ppm) of the nominal crystal frequency. In the 10 to 40 me range, Lsof in

required to mxintain acceptable correlation figures. Afb is defined as the

difference between the oscillator operating frequency and the frequency

obtained when the plate supply voltage is varied 410 percent from a fixed

value. Since the difference between the frequency readings at *10 and .10

percent is gentrally lss than 0.1 ppm, only one value is given. This figure

I is also expressed in ppa of the nominal crystal freque7nc. Afff is similar to

-- bo where the filamnt voltage is varied _10 percent.

An important performance characteristic is that of frequency variation

with temperature. Crystal unit specification for this frequency range, call

for a maximum deviation from the nominal frequency of 50 p'a throughout the

temp-rature range of -55*C to *90"C. However, typical changes from the man

frequency values encountered for these unite are between .1 to 25 ppm.

Temperature coefficients of circuit component parts will cause the operating

frequency to deviate furthar. Circuit temperature-frequency variations are

less than 25 ppa and together with the maximum crystal unit deviation, amounts

SI : to less than 75 ppm. Inclusion of variations dum to ten percent B* and fila-

ment voltage changes raises this figure to a maximum of 85 ppm. However,

- use of typical crystals yields a value of less than 60 ppm. Of course, the

total frequency dsviation ma be substantially reduced by use of crystal ovens,

(which decrease crystal frequency deviations from a maximum value of 50 nom

i j o ap pr e pemi, Lemperatre-coumpenaaed components and temperature

- . ;
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stabilizing circuit enclosures. Curves of frequency-temperatm-e variatios

are found in Figs. 20 through 24, for both the Orounded Grid and Cathode

Coupled oscillators operating at frequencies of 10, 30, 75, 105, 135, and

150 me. The graphs show the variations in frequency of the crystal alone

and for each circuit. Typical variations are show for two crystals at each

of the frqncies in the range 75 to 150 mc.

A third performance characteristic is that of harmonic content in

the output of the osci!lator cit-,its. Coments on this characteristic are

found in the final paragraph of Part A.2.f., an& details are found in Tables

VI through VIII.

It may be desirabla, in some cases, to utilize the circuit with an

untuned cathode. Although the use of a tuned cathode coil prorides higher

ocillator output voltages, the advantages of the untuned case are the elimi-

nation of the pert itself, a simpler tuning procedure, and broad bend, rather

than fixed, frequency operation. Information on the Grounded Grid oscillator

operating with an untuned cathode circuit is therefore presented. In general,

some component changes are necessary in the reference circuit. Typical values

for iA-rn rates 10 to ?Osnd ?0to 10 w-, s, listad below, where resistance is

in ohms and capacitance is in infd. All other cosponents remain the some as

in the reference circuit. It should be noted that for this application, Lof

is not used.

Cmponent 10 to 20 ac 20 to 40 mc

Rk  330 330

C f 470 10
I

A Rrfl) U 0 &IB. 2U A I I 01 1' *s; T U'E 0 V T JC N 0 2 S
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LI
Operation beyond 40 m is very poor and it is not adrivable to eliuirate the

I cathode coil in that freaumncy ranas.I
Peformanoe curves for this application of the Grourded Orid oscil-

I lator are shown in Fig. S. Although f oqiency correlation is reasonable,

* . provided the ccnponent values su"geted above are usedp stability is poor and

become worse with increasing frequency of operation.

A
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-. 2. THE GROUIMf GRID OSC111AT(Jt - 75-150 MC

The circuit diagram nf the Graunded Orid oscillator recommended for

use in the 75 to 150 mc frequency rarne is shoun in Fig. 9. Coil winding

*data is presented in Table III and Fig. 10.

The oscillatcr circuit has the component and circuit parameter

values given in Part A.l.a., except for the reference value of R whicn is

51 ohm for thin frequeacy range.

b. Component a.d Circuit Construction Details

In general, the discussion of components and circuit details Fiven

in Part A.lb. applies here. Hoever, greater care must be given to lead

dress, groudring, and parts placement at these higher frequencies.

c. Circuit Tuning Procedure

* 5ee Part A.I.c.

d. Circuit Performance Characteristics

Curves of output voltage and power, and crystal drive versus fre-

quency of operatior, are shown in Figs. 11 and 12, respectively. In addition,

curves of required values of 3. and the resultant output for constant values

of crystal drive over the frequency range are presented in Fi gs. 13 and IL,

respectively. The graphs depict performance of a circuit hctvig component

values indicated in Fig. 9. The performance figures obtained frcm changos

In component value are normalized with respect to the rscoreended circuit

I figures. The resulting normalized graphs are common to the entire 10 to 150

mc frequency range and ire shown in Figs. 25 through ?9, on fold-out pages

55 throuigh A. Thesie grapnh sLow output volta.e output power, and crystal

drive level as a function of the values of R.,, r R V , and g respectively.
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1
I,

_ feq. Coil Coil Wire Coil JTurns a LI QI ~- Form Sis e -4 h_ 7T iik L

I.67 10 -

75 LS6-O 24 1/2 8 - .39135 -

156-0& 20 5/8 8 1.5 .42 110 .04 .53 03

- 27 1A 16 - 48 5 - - -

105 W86-0 20 1/2 6 .19133 -

Lp 16- 20 12 16 11.0 20 85 . 0 .51 .03

135 24 3/8:~ 110 .23 2j- - -

13 Lk -D "20 o-- 3/81 -5 - - -

.p 36-o 20 1/2 3.5 0.5 .12 85 .03 .42 .03

1 - 21 5/32 8 - 118 33 - - -

150 1% 186-D '0 '/16' 4& - 09 105 - - -

01-,12 30 V. 0 9 8.S 0 3 1.5 2 . 0 2

NOMz is wound on a 21, 1/2 watt carbon composition resistor. The
indicated coil types for Lk and IVp are Cambridge Thermlonic Corp.
forma, 0.26' C.D., 27/32" long. LS6- is the part number specify-
ing the coil form type and size. The suffix deeiLatea the core

0fr-L'.. 4 ..

The tap on Lp is measured from the groun end of the zoil.

The Inductance and Q of &1! ! ,.L. .!Is,, ;a,, i . , ww &

O ac on & Boonton Radio Corp. q Meter, Model 160A. The iructance
and q of 4 and 1. were meas ured at their operating frequencies on a
Boonton Radio Corp. Q Mter, Model 170A.

TABIE GOLMM GRID OSCIUATCH COIL DATA

75 -150 mc

1-2

I

I ikAC Oy DA TON (, L I kO'iS EN T$IUI 0gT€CW OLO

T i



0.7

0.6

0.5

w
z

l 0.3

0

70 80 90 100 110 120 130 140 150

FREQUENCY - MC

FIG. 10 -INDUCTANCE VS FREQUENCY FOR THE
GROUNDED GRID OSCILLATOR COILS

75- 150 MC &
I

I



Ii

60[ 12

I 40 8 i

+2 ;F 24--

0 4.

o01 0 

70 80 90 100 110 1-10 130 140 I150

FREOIUENCY - MC

FOR THE GROUNDED GRID OSCILLATOR

L1 I

60- -50__

1 0-l



8t
I 2 -i-- -i- -3 - -

4 --

Or

I- 

-J Bt i t 4-j

70 8O 90 too II G 120 130 140 150
FREQUENCY - MC

FIG I CRYSTAL DRIVE VS. FREQUENCY FOR
THE GROUNDED GRID OSCILLATOR

75 !50 MC

-*1-30-



15

160

130 -- -P

12 0 -- _

I 10

Go090

I I -"" f------L. I IP.• w

70 ..

60-

70 80 90 '00 Ito 120 130 140 150
FREQUENCY - MC

FIG . B+, CONSTANT P, CURVES FOR THE

GROUNDED GRID OSCILLATOR
7 .-3 MC

, i

--i1



0

1 2

0

FREQUENCY - MC

FIG.14 - OUTPUT, CO,'.STA..T Px CUkvES FOR
THE GROU;.DED GRID OSCILLATOR

(5-150 MC

1-32



Figune 15 comines the affect on output of increasing or decreasing

, g... t. 1-y the same percentage. Thig figure is

obtained by taking the product of the average output factors, rMpresented by

the curves in Figs. 25, 26, and 27, resultin from the sase percentage of

resistance change for each of RL, Rg, am air.

The graph afo'rda a check on the reliability of tho design data for

a wide range of operating conditions. If, for example, these three components

are each increased by a factor of 2.0 ovbr the reference value, it can b Ueen

from the graph that the output decreases to 95 percent of the reference output.

;=Its of circuit masure.ents to chwck this are shown in Table IV.

Here, two resietance fa-tor vzlue, 0.65 and 1.66, were used. This seans thbt

L , R , and Rk values in the new circuit are the stated percentages of the

reference circuit values. From Fig. 15, the corresponding output factors,

X , are 0.85 and 0.98, respectively. A circuit was constructed whose con-

porents corresponded to these values and output =,. neasur d at four lovels

of sviply voltage. These output measurements are tabulated in the colum,

headed leom. The theoretical changes are listed under tt- col.,n headed

"N so% where a° is the reference circuit output and N is the output factor

reeultinq from the use of the information in Fig. 15.

The effect on output voltage resulting from the use of different

tube types and having a range of values of ge is shomn in Figs. 16 through

19, inclusive, where the frequencies of operation vera 75, 105, 135, and 150,

respectivoly. Each graph represents the output obtained from the reference

circuit using a 6AJ4, k 6LB miniature triode, and a mingle section of a

i -
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dCirot 75 105, 135 150

.. .. ...... s o - .o - .

r I 50 2.6 3.6 X.3. 3.0
•75 6.5 1,0-... 6.7 9.4 5.6 5-3

o.65 0.85
too 9.9 14.3 9.8 13.2 6.8 10.2 8.4 8.2

12I 13.8 17.9 0-1 16.5 10.7 13.6 11.6 11.9

50 5.0 4 . I 9.3 - 2.4 3.9

75 10.7 11.8 111.2 10.8 7.2 7.8 6.5 6.1
1.66 0.98 :6 i

100 15.8 16.5 [16.0 15.0 1.5 11.6 9.7 9-5

125 2. 5 20.6 21.0 19.1 15.4 15.6 13.3 13.j

TAMIX IV - COARIS(C OF PI E1)ThND ANJ WEASURI P120ORANCIt

OF TH GROSDW GRID OCILLATOR CIRCUIT

i
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56'10 miniature dnla triod.. Three 4.J4 tubes, having different valub ?

%, we used. Tba -nf= e cirA t onmnt tube is a 5670 having a

measured g of 5300 micromhos. All values of* were determined with a

Hickok Model 533 Mutual Tranaconductance Tester under standard test noeeitions.

By coomping the range of output voltages available at various levels

o! B4 for the different t Jues of tube transconductance, it va detAWuined

that this information could be normalized in the form of output voltage versus

gn. This is the basis of the curve of Fig. 29.

In addition to the information discussed above, a new ceramic planmr

triode, the 6BY, was tested in a Oroiinded Grid oscillator circuit configu-

ration. Output and drive level data compared with that obtained using

conventional tube. Homwevr, the manufacturer's tube transconductance speci-

fications could not be met with the unit3 made available to the program.

Values for gm were somehat lees than 5000 micromhoe.

In order to utilize these curves for the design of the Grounded Crid

oscillator in the t3sired frequency rane, examples are shown below.

a. Circuit Desitn Examples and Use of Curves

The circuit as shown in Fig. 9 has been found to provide the most

satisfac 'y performance throughout the frequency range and is recomueled

for tho maority of applications. This circuit should be used without

modification wherever possible. For special performance requirements, w here

the recomended circuit does not give the desired results, circuit design

ctrges may be accomlished, as wi.l be shown in the det-tgn examples.

Recomimmded military cr)sta types that may be used in this appli-

uatio- are - - The specifications on these units cover

frequencies up to and including 87 mec. Kaxinum crpqta, resistances used at

At OUR *L LkRC . OUND.T O. o1 L .O5 ST ITUT EO T GCWNOLCr.r



75 and 105 me were 60 ohm. Maximim resistance used at 135 se, and 15U mc

I- Mt M

1 Althouh MIL-3098B does not cover crystals operating above 87 me,

arsilable uits and SC reconendations indicate a .- xium crystal resistance

of 60 ohms up to an including 125 mc and a naximn of 100 ohms to 150 mc.

Altnough good quality units were available for the present Investigations up

to 150 mc, onl unit which has a series resonant resistance of 160 ohm us

included in the data.

Of the crystals available, the spread in crystal resistance at

certain frequencies is limited, in order to expand the range, resistors

wre used in the circuit as sub*.itution elements and performance measure-

m. nts ere made. Where resistors were used in pla:e of existing crystals, no

appreciable change in voltage ws noted, provided proper reactive compensation

of the resistors was made. In this manner, the reference circuit crystal

vesistance of 51 ohm was made available throughout the frequency range,

I although there were no crystal units with thib value of Rx at all frequenries.

To illustrate the use of the design wraohs. the followinp sxnmmls
is given using thi format of Part A.l.e.

Assume an oscillator is to be designed hvving the folowing -Ircuit

and performance requirements.
f, - 105 koc
fn

Be - 100 volts

RL - 11000 ohmI P - 2.0me

The 2.0 am drive level figure is detrurinasd from peneral MilStcs for crystals

in this ir quency range, cr from consideration of frequency stability for

those units not giver in KIL-C-3098P. The Freater the drive, te moare the



frequency stability my be degraded.

R-fere- to INg. 11 shows that at a frequency of 105 me and a 30 of

100 volts, the output is ar~oxiamatly 15.3 volta rm for the recowended cir-

cuit. The crystal drive, from Fig. 12, is found to be 2.1 am. At the required

load of 4000 ohms, reference to Fig. *' shows that for . "  400/5000 - 0.8,

the normalized output and crystal drivc factora. ', are 0.87 each, where 5000

ohm is the reference circuit load resintance. This means that at the re-

quired load, the output will be 15.2 x 0.87 - 13.3 volts and the drive will

be 2.1 x 0.87 - 1.8 me. Since the nouinal allowable crystal drive is 2.0 me,

it may be depirable to investigate mothods of increasing available output and

take advantage of the drive limit. This may be done in several ways. Three

methods will be shown here.

One method depends on the variability of B4. If the plate ipply

voltage can be changed, then Figs. 13 and 14 will be used to determine per-

foraxoe. For a drive of 2.0 =, it can be seen, from Fig. 13, that the B*

must be 99 volts at 0X mc. From Fig. lb, it is determined that the output

,nlat&e is 15.0 volts for thig lovel of drive. However, this is for the

reference circuit. In order to account for the lower load of 4000 oms,

- 0.8 and N - 0.87, as shown in the original example. Since operation

at 4000 ohl load reduces th' drive by 0.87, a B* value must be chosen which

would drive the reference circuit at 2.0/0.87 - 2.30 m. This occurs at a

- 07 volts, approximately. Under these conditions, the outrmt is 16.2 voits.

Howevr, the output at a load of OO0 ohms would be 16.2 x 0.87 - 14.1 volts.

The second method uses Fig. 26, which shows ),he normalized perform-

a.-e aTiationas with chanes in R_. As +e value of the grid bias ,ialstor

is made smaller, both P and a incre ne. Since, at t'- required value of i

-£*(- ~Oh4QT ONQL Os S NSVTU16 C; T&CWWOLOGY



- I load, P 1  1.8 -, an determined above, it is desirable to lower the value of

R to incroe the drive to 2.0 me. The factor N , is then 2.0,/1.8 - 1 .11,

for P1 . Then, - 0.85, for which N' for eo is 1.03. This weans that a

IiAd bias resistor Of 10,000 ohms (reference circuit value) time X, (.dR5),

I or 500 ohms, is the necessary value, and the drive will be 2.0 me, at an

output Of 13.3 x 1.03 - 13.7 volts.

I A third method uses the information found in Fig. 27, which shows

- I the normalised variation of performance with changes in F.,the cathode bias

resistor. To increase the drive by a factor of 1.11, the outp~zt increases by

] a factor of N - 1.01 at - 0.90. Then the new value of Rk 's 200 x 0.90

- 180 oh with an output of 13.3 x .0Oh - 13.8 volts.

The largest output in this case is obtained by changing Be to obtain

the 2.0 w drive level. Similar methods may be applied where fixed values of

output voltage or power are required. In the examples shown above it is

I l questionable if the labor involved in modifying the circuit in Justified to

increase the output voltage. The reference circuit output of 13.3 volts

I ! using tht required load is increased by the modifications to a azximua of

l1.l volts, an increase of only six percent. However, in those cases where

I ,the res,,tant drive is somewhat lower than 2.0 m, i.e., in the order of 15

I ! percent or more, modification of the circuit is advisable. Similarly, when

the drive is excessive by about the same percentage, circuit changes should

j J be effected to reduce thio power dissipation.

Th- two remaining graohe of normalised performance curves (with

1 i respect to R and g) have be-n diecuesed in Part A.I.e.; A.2.d. and in this

.... ... ... - ' soutlyod ^or circuit changes follIos

the pattern described in the seo ae-tion noted above.

. ....... :. FU . A 0 01 - -O S . rITUT6 OF & "IL G
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f. dditiojal P-f!omanoe Characteristice

kpartio-12-al eh-otete4awtuei for the Orounded ar-id

operating in the 75 to 150 me frequency rane have been determined and ar

resented her,. Table V shows the figures for stability Ith changes in

B* amd filament voltag. The coelation figures are also given for a range

of crystal resistanoe@ and B* values. Three crytals operating at each of

four frequencies, 75, i1, 135, and 150 mc, we shown. The definitions of

Afo a fb' and Aff have been given in Part A.l.f.

A second peformanoe characteristic is the change in frequency with

v,%riatioms 1-n k ag rature (o Figs. 20 throvgi, VI). For this frequency range,

vw~lets - :cificationS on the crystals are not available; however, for the

-55*C to *90C range, a axemims deviation of 50 ppm from the nominal frequency

of the crystal is as.umd. Typical values of deviation from V. s. values

encountered for these umits ae between 10 and 30 pms. TS'epratore coef-

ficients of circuit Compont parts wiLL cause the oD*rati- f.eru.oncy to

deviate further. Circuit teoupwrature-frequency variatior o are less than 30

ppm and whn combined with thm Lxtimm crystal unit deviation totals lees than

80 p for typical condiions. Inclusion of variation due to Be and filament

voltage changes of ten percent raises this figure to a maximun of 90 ppm.

However, typical operation yields values less than 70 ppm.

A third performance haracter'.# a- that of harmonic content in

the output of the oecillatar circuits. It haa been foud that haroniice are

of ratber low amplitude. However, practical application of these circuits

to ommanications equipment would require M ditioml filtering. Furt mr, the

so-nic c-nteat i- . t ),4h enmh for apvaication to frequency syntheising

or frequency multiplying directly froa the harmnics. *Masuerente show thi

Aou* -i A kC*c W 1) TO' Or AOT $ 0 1DT TI 1 OF T6C 4 NOOGY
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J scond harmUonl to be about 20 db beloe the fundamntal and th sixth harmonic

k about },O db below the fundamental for typicil operaving conditions. These

measumeumnta also indicat, an increase in hazeonic conttigt with increases in

S c-i-rcuit operating level (higher B* level, greaver crystal drive levels, etc.).

" Detailed informition of the harmonic content of the Orounded Irid and Cathode

Coupled oscillators am-resented in Tables VI through VIII. Operation at

two levels of B- and with two values of crystal resistance are given.

'Ii.

it

OIWA %J &S*$!~~ PT(~LC

i . ..- 1-51 -



HARMONIC 50, 100 HARMONIC 50, IO0,

21 21.1 11.9 2 19.5 11.5

3 3h.3 22.0 3 56.1 33.6

h 44.6 31.5 h 63.1 34.2

5h.9 42.8 5 63.1 46.6

6 5b.4 46.o 6 74.5 0.1

Az Grounded Grid Reference Oscillator Circuit

RX -51 olm

HARMONIC 50v 1ow HARMONIC 50v 10o

2 28.h 15.0 2 26. 10.8

3 4o.9 21.) 3 f 37.9 23.1

4 6.7 3L.2 h 53.0 31.7

5 47.8 39.9 5 58.6 39.7

6 52.1 43.2 6 60.0 34.2

B. Cithode Coupled Reference Oscillator Circuit

R -5"1 ohm
II

muat rigur.. ar in d~ 1b baw ti ampimdwi f U. fudaa

TABUE VT - VARIATION or HAJMMKC CONTINT WITH CHANCES IN PLATES ST:PFLT VOLTACE

FOR THR CIROUNM CRD AND CATHt2R COUPLED RE !,E OSCILIATRS

A R , 0 UF D S L A b C K OUN DT O Ot 0 0 L I NOF$ [ N ST i TU T 6 0 T& 7 7 NO L (D, IG

-1-52 -



~~75 1350 me
HARIMNIC ohms Ohu23 0.1 ohma 01hin ohw

2 11.0 11.9 13.0 11.5 11.6 12.0

3 20.2 ?2.0 ?1.7 33.6 3L.7 3L .9

S430.0 31.5 32.8 34.2 32.5 35.4

5 36.1 42.8 L0.0 .6.6 45.9 L6.3
__ __ i_ _ _ J_ _ _ __.___ _ I _ _ _in

6 ".9 I 16.0 19.0 1.7. 1 9.0 i ..

A. Grounded Grid Refererce Oscillator Circuit

B* - lOw

75 13cm

40 51 1o 51 68 98
HARMONIC ohoh o chme 0kms ohm ohms

2 16.0 15.o I1.8 10.8 12.3 12.8

3 22.h 21.3 21.7 23.1 211.? 25.1

4 35.0 3b.2 34.6 31.7 32.9 q.o

5 3.7 39.9 3.6 39.7 L2.9 L3.8
6 ., 1 I -'.2 1 2.8 31.2 -- . I -

B. Cathode Coupled Reference Oscillator Circuit

$ B0- lOOv

TABEI 711 VARIATION OF HAURMONIC COWNT WITH CHAMA,? IN CRYSTAL RISISTAJI
FOR( TIHE GOU ) (RID AND CATHO COUPUZO M IF=ZJ OCILATC3.

'-53-
A-



51 91 51 r.

HAR N O1f ohms hm ohm ohms

2 7.0 9.0 12.0 12.3

3 15.6 18.0 21.7 23.4

2 21.2 2h.3 36.0 35.3

26.8 30.7 36.9 38.9

6 32.0 36.9 U9.4 51.4

A. Orourded Grid Reference Oscillator

B* - 100,

I 51 91 51 9
KANOM ohim ow os ohm.

2 16.9 1?.1 11.3 i1.3

3 2 L. j 26.5 26.2 27.8

h 32 J 1.9 36.1 38.

5 40.0  hi. 6  40.6 41.8

6 h .i h7.4 36.3 36.5

B. Cathode Clompl1d Refmenct Oscillat r

-1007

t ,t Figur.e tabulated are in db below the oplitudf of the fundamental.

TANA VIII - VRIATIO OF HARMONIC COUTUMT WITH CHUMS IN CTSAL SUBTITUTION

R33IZtTMS N TME MOU=Uf X.ANX, C-.1WW C'O1IIPZD OCILLATCR3. _I

1 ] 1 0 104 Tj 0F T6CHk0t0F

15I
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3. T E CATO13 COUPIED OCILATOR 10-T5

a. Circuit Description

The cirrult diagram of the Cathode Coupled oscillator rocommenred

for use in the 10 to 75 ac frequency range is shown in Fig. 30. Coil winding

data for this circuit is presented in Table IX and Fig. 31. The value of the

coupling capacitor from the output tank to the cathode follower input circuit

is smaller than might be expected for normal coupling use. This provides better

i.at uii vi *,'A ! Wctc± t-ha grid circuit of the

cathode follower is in shunt witn the output.

The recomended oscillator circuit, to which al. performance and

[ design data is compared, has the foll,!hung compornt aisd circuit parmter

values:

R - 1 OK ohms (grounded grid stage grid bias resistor)

Rkg - 200 ohms (grounded grid stae cathode bias resistor)

R - 51K ohms (cathode tn'lover sate grid bias resistor)go

Rkc " lK ohm (cathode follower stage cathode bias resistor)

R, - 5K otms (lad real tance)

. .2 oh (serles reson.t lresistar")

The tube type is the 5670 miniature dual triode with a nomiual ga of 5500

pnahor. The bypass, decoupling, and coupling component values are as shown

in Fig. 30.

It is to be noted that fur parst1C'i, 40~ =, !-X ____ i

i.sed at high*tr frequerw-is to cancel C of the crstal, is not required.

However, it Ls rocessary to include L the series feedback coil, for

proper freqjrbcy c rrelation and circuit operation. This coil '.s not used

r* fequenc.. above 14O mc.

4 C
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ij

I Freq. Coil Coil Wirem Coil Turns L Q
For:i Siz. lAngthI

mc m- rge inches - I4h -

1., L.86-9 34 5/16 47 17.0 60

I 10 xp L-36-3 34 5/16 10 17.0 60

Le' CL-I - 1.25 - 4.7 -

Lk IA6-0 27 1/4 15 1.6 65

30 L 136-0 27 1/4 15 1.6 65

it 1516-0 26 1/2 11 0.4 85

60 Lp 136-0 26 1/2 11 0.4 85

I - 32 112 15 1.0 5

L. L$6-0 26 7/16 8 c.3 leO

75 Lp L36-0 26 7/16 8 0.3 120

- 32 1/4 21 0.7 10

N'I OTK: The indicated coil types for Lk anid are CQabrizigs
,hermionic Corp. form, 0.260 0.D., 271320 long.

186- in the part n Imber specifying the coil form and
size. The suffix designates the core formulation.CL-I in an inte-natima Radio Corp. nolded coil.
* demignat.a a mica bas. form, 3/160 O.D., 3/4' long.I Lx (at 60 ac) Ja wound on a 2K , I watt carbon comp-

oeition resistor. At 75 mc, a 1/2 watt res !tor is

The inductance and Q of all coils uinre measured at their
respective frequencies on a Boonton Radio Corp. Q Mter, Model

TA IS - CATH)U COUPLE OCII/ATOR COIL DATA

AINOUI 1i IIA IC. W FUM O ON AT 1 0OI I I 016J1 OI 6 ? CWkOLOGV

1 -63 -
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U

b. Component and Circuit. Construction Details

SP-.fer to the coments on component and circuit parameters found in

?art A.1. b.

I The constructional details of Tn performance test circuits may be

seen in Fig. 32. The photogra, shwe the layout of a typical 75 me Cathode

Coupled oscillator. The cmponents ar? labelled accnrding to the schematic

of Fig. 30. Note that Li a fixed imtatance, as is located below the

crystal socket.

! | ¢c. Circu t Tuin Procedure

Refer to the procedure outlined in Part .l.c. The tuning procedure

is similar except that a tap point is not needed on the plate coil.

d. Circuit Performance Characteristics

The circuit as shoin in Fig. 30 has been found to provide the most

satisfactory nerformance throughout the frequercy range and is recommended for

the ajcrity of applications. This circuit should bc usad without modification

1 wherever possiblm. In some equipeent de ;igns the available supply voit.a~e

may not allow the circuit to operetcr to its full capacity. In such cases

design changes may be accomplished,as shown in later examples. Performance

!-oph" for tht . . ci uit -rzz.r ccur at to within ten percent. The

design graphs yield prediction accuracies of output, with the change of any

one compnent, in the or-der f 10 t 15 p--r.. For .hang-s in several

components !Imultaneouily, the prediction accuracy decreases. For simultaneous

changes in the load and all bias resintors, this figure is about 20 to 25

percent. Crystal drive voltage measurements, made with the assumption of

resistive operation of the crystal, revsaled prediction accuracies in the

order of 20 to 30 percent in the ma.Inritv n" sin,' wrrn-t mhsn.e
- .

-1-65



PC)WFR F!: fVJ

P G c Rc kc R CHOKE Rk

LI
FIG.32-YPICL CTHOE COPLE OSCLLAOR k

CIRCUT LAOUT ( mcR 99

L pI
cgc gc Rc RFCHOK

FIG.32- YPIAL ATHDE CUPLD OCILATO
CIRCIT LYOUT(?Asmc)



Curves of output voltage and power and crystal drive ver-us

frequency of oneration are shown ii. Figs. 33 and 34, respectively. In addition,

jui-vF uf -uirid '- f B-. and ruc, lBf.An'td n ltnilt for constant values of

crystal drive level over the frequency range are presented i Figs. 3c and 36,

reepictively. The graphs depict performance of a circuit having the component

, values indicated in Fig. 30. The perforanice figures obtained from changes in

component value are normalized with respect to the recomended circuit figures.

The resulting normalized graphs are common to the entire 10 to 10 - frequenrcy

range, and are shown in Figs. 49 through 57, on fold-out pages 1M2 through 110

Throe graphs show output voltage, output power, and cry3tal drive level as a

fic tion of th alues of R , gs R ( Copled) Rk (Capacity Coupled).

R gc, Rk (DC Coupled), R kr(Capecity Coupled), RX# and g, reepW.tively. In

order to utilize these our-s for the design of Cathode Coupled oscillators

in the desired frequency ringe, examples are shown subsequently.

At frequencies in the range of 10 to 4O mc, where Lx is not used,

the rathodee are isolated with respect. to dc, by the crystal. For this type

of operation, the canactty coupled normalized curves, Figs. 52 ard cc, should

be used. If dc isolation is rvquired, -r desirable, at the upper frequency

.. range, a physical capacitor may be inserted in the feedback path and .e same

figures are used too doetermine performance.

It is possible to operate the Cathode Coupled circuit over a band

of frequtncies without retuning the cathode coil. If the frequency of

operation is within - 20 percent of the fixed-tumed frequency of the catnode

coil. the output wili vary iess than ten percent and the frequency correletion

figure will be -ithin ten nart per m:llIon from the cathode coil center

frqurcy values. Crystal voltage correlation cann ,t be rb'.alned since the

crystal is not operate! at the series rsonant frequercy. Ast a reiu t,

. ;1-67-
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power dissipation figures are not easily determined, but I's within the range

of vauen indicated in Fir. 3h.

Itlzrc or.- -- d thet , .... vr feable, the output coupling ne

adjusted to orovide an effective load resistance of 5000 ohms to the oscillator

at the frequency of oraration. When this I@ not donfi, reference must be made

to the nnrmalized load resistance graph of Fig. 49. The effect on performance

with variattons in crystal resistance is shown in Fig. 56, which crn be used

to indicate the performance hwn a specific cry-tal resistance is used or to

show the range of performance of typical crystals iT. the Cathode Coupled

oscillator from 10 to 75 me. Performance in referenced to a crystal resistance

value of 25 ohms. Recommended military crystal types which can hn imsd In this

Application are CR-I /U, CR-2/U, CR-j2/U, OR-35/U, CR-52/U, CR-5b4A, CR-C'/U

and CR-R6/U. Reference should be made to OMIL-C-3O98 Crystal Units, Quarts,

for specific crystal information such as maximum renistance limits, physical

configuration, and frequency range.

a. Circuit Design Examples and Use of Curves

One of the chief values of the desigi, method presented here is In

the prediction of oecillator performance of a given desipr. At speified

fre,;.,ncy and plate supply voltrge values, the re-omnded circuit perforeance

is determined from Figs. 33 and 3h. If the output and drive level w. lues are

other than those desired, reference is made to Figs. 3C and 36 and/or the

normalized curves +.- determine which circuit parameter may be changed to

obtain t.-e necessary results. Any parameter that must remain fixed vould

eliminate the use of its corresponding performance curve. The normalized

factors are obt&ined by dividing the rocessary or desired carameter value by

the rer . ,_nd d circult value nd the result applied to the appropriate

'urve (See Part A. e,)- Recommended circuit component or oarameter

'Ou . ,o.-F.LFO.0 NOA!SN O5 . YO N TjT OF , 6 C W "OL O G
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values given In this manual should be followed, wherever c'osiblr, sirce the

recomwnded c 'cuit is optimum for typical application. To illustrate the

use of the design graphs, Lhe foliwl.i Is lo 5:.-n.

Asqu" an m.ci'lator is tc be designed having the following ci.-cult

and nerformance requirementat

f . 60 me.

B - 100 volt,

R L - 000 oh

P - 2.0 aw (determined from MIL-C-3098B for ax

particular crystal type)

Reference tc Fig. 33 shes that the output is 12.< volts ras under these

conditions. The drive level, from Fig. 34, to 0.9 nw. These figures refer

ti the recommended circuit. At the required load of 4,000 ohms, rig. L,9 shows

that for hOOO/5000 - 0.8, the normalized output and crystal drive factors

N1, are about 0,86 each, where cOOO ohms is the reference circuit load resistance.

This ,eans, that at the required load the outout will be 12.5 x 0.Bb - 10.8 volts

and the drive will be 0.9 x 0.86 - 0.77 msw. It may be desirable t- investigate

methrde of iocreasing available output and taking advantage of the drive limit.

This may be dnne in a variety of ways. 5everal methIds will be sh'Vn here.

The first method depends on the variability of the plate supply

voltage. If B+ can be changed, then Figs. 3c, 36 and L9 are used to determine

t>-rl ruance. vor -- drive of 2.0 ant, Fig. 3' sh~ws that B S-__-% o _Vm vie .t!

for a 60 mc oscillatcr. Fro Fig. 36 it is determined that the output voltage

is 13.5 volts for this level of drive. This is for the reference cirruit.

In order to account for the lower load of 00XC hms, N 0.8 and N -0.86,

a- , the r a.UnIM. Iirwe oeration at LOOO ohms load reduces

thp drive by 0.56, a B+ value must ne chosen which wo ld d4l-ve Lhe reterence

-1 0-73 -



circuit at 2.0/0.86 - 2.3 me. This occurs at a B. of approxinJately 125 volt.

Under these corlwition, th ouitput is 16.8 volts. However, the output at a

LOWk ohms load would be 16,.8 x 0.86 - l4.4 volts.

Additional mthods depend on the use of the normalized Derformance

curves. To determine which curves are anplicable, a reriow ,f the circuit

conditions Is necessary. With the required load the drive level is 0.77 My,

as determined above. It is desirable to rmise this to the nominal drive of

2.0 w. N is then 2.0/0.77 - 2.6. Of course, some component change must be

effected which will not only produce the demired increase if, drive, but will

also increase the output, rather than decrease it. Inspection of the normalized

ierformance curves shows that there is no component which will increase the

drive by this factor (2.6). However, there is nne which does increase the drive

and output simultaneously. This is R (DC Coupled), shown in Fig. '1. The

other components *ither decrease output with increases in drive or else have

negligibly small factors. By extrapolation of the normalized Ng curve, it

can be fouri that tho drive increases by a factor of nearly 2.6 when this

remistance i. zero. For this cndition, the outryut factor is N - i.L.

There'ore, ths s-utput will be 10.8 x l.4 - 1C.2 volts.

The largest output in this case is otained -y making the grounded

grid sta,6e cathode bias resistor zero. Simila: rtNhds may be applied to

tho.e ra-,Pn whore outcut voltage rr rwwer is to remain fixed. r

.... nh- . rformince variations with

crystal resiitance and tube transconductance. Littis control can o,- held

over these parameters, unless lengthy, selective test- are made. Nevertheless,

the grp, .%re included to indicate their effect on circuit performance. It

can be sen that a 10C prcent increase in crystal resistance lower! the

output by atcut ten Dercant and s ncreasem the drive by lems than five per:nt.

[C NO(L OG.s,'um ~ ~ Ci~. .Os O~?IC.N1iG71



'or a ten Prcent decr-a.e in 1, the output decrmases ten nearcent And thA

drive decreases 40 Percent. The use of different tube types having apprnx-

estimates of circuit stray canacitances, transit time loading, etc.

f f. Additional Performance Characteristics

Several additional cerformance characteristics have been determined

and are Presented here. The first of these is t.. stability characteristics

of the Cathode Cnupled on!tllator in the frequency range of 10 to 75 me.

a Table I shown the figure, for stability with changes in B. and , -stal
t

resistance values. Three crystals operatlrg at each cf thre" frequencie',

10, 30, and 7< mc, are shown. The definitions of A f . etc., as used here,

have been discussed in Part A.l.f.

A second Performance characteristic is that of fr*quency variaticon

with temerature (See Fig. 20). Cr-stal unit specifications for this frequency

range call for a maximum deviation from the nomlnal frequency of 50 pve

throughout the temperatuire range of -c 0
C to .90QC, However, t:rpical changes

frm the san frequency values encountered for these units are hetween ic and

25 pp.. Temperature coefficients of circuit componert parts will cause the

operating . requency to deviate firther. Circuit temoerature-frequency

variatios are leds than 40 pp. rnid when combined with the maximusw cry-tal

unit deviation totals les tJan 90 ppm for typi:al conditions. Inclusiro of

variations due to ten nercent B- and filamnt voltage changes raises this

figure to a marlrmam of In(, pom. However, values for tymical oeration are

usually less than 75 ppm.

-- Harmnic content -n the outout of tnese circults is similar in

charactrimtics tV- thr-:, foind for the Grounded Grid osci'1atnr (see, amso,

IaIes V! through VII2 discused in Part A. .. f.

I -
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* Inspection of Fig. 5C fildicttes that zs the valu. of the grounded-

grid griA-bias re'istor is decreased the desirable performance tread of

increased oitput and decreased drive level occurs. It Js not recomeended,

however, that the grid actually be shorted to ground, since this has an adverse

effect on the frequency stability and the correlation is very poor.

It may be desirable, in some cases, to utilise the circuit with an

untuxud cathode. Altho qh the use of a tuned cathode coil provides Uagher

osCiil.tr output voltages, the advantages of the untuned case are the slimi-

nation of the componant part itself, a simpler tunir procedure, and broadband,

rather than fixed, frequency operation. Information on the Cathode Coupled

oscillator operating with an untuned cathode circuit is therefore presented.

In general, some comnent changes are necessary in the reference circuit.

Typical values for circuits operating in the frequency bands of 10 to 20,

20 to hO, and IO to 75 me are listed below, where resiatance is In ohms and

capacitace is in mfd. All other components remain the same as in the

reference circuit. lt should be notel that for this application, Let is not

used.

Frequency Rarges

Component 10 to 20 me 20 to hO me O to 75 mc

RkC 1K 560 1K

R iti K 620o 100
- c 10 7.5 h.7

9c
7- R in changed to 10K ohms for operation. throughout the

frequerAcy range.

, ~ Performance curves for the oscillator at various levels of plate

*supply voltage are shown in Fig. 7. Operation at frequencies above 75 mc is

i ' not reie nded.

-.
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Frequency correlation is good, provided the cc=Lonent valuem
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4. THE CATHOcX CWPUM I UILXTC - 7I-150 KC

a. Circuit Deiii

The circuit dliagra of the Cathode Coupled oscillator recomnded

for una in the 75 to 150 m frequency range is shown in fti . 38. Coil winding

data i pwesnted in Table II and Fig. 39.

The oscillator circuit has the component and circuit parameter

values given in Part A.3.a. except for the roference vAlum of Rx , which iu.

51 ohm* for this frequency range.

b. Component and Circuit Contruction Deot&a

In general, the discussion of comporyints nd circuit const'kctlon

dotails given in Part A.l.b. applies here. However, greater care must be

given to lead dress, grounding, and p r+ta placemnt at thoso higher frequencies.

c. Circt Tuning Procedure

See Part A.I.c, The tuning proceAdue is similar except that a tap

point is not needed on the plate coil.

d. Circult Performance Charactarisrt.le-

no circuit as shown in Fig. 38 has been found to provide the wet

satisfactory perforane throughout the frequency rae an is recc--xsded for

the majority of applications. This circuit should be used without modification

W harever possible. Ii, sow eqi nt esigns th available supply voltage my

- ~not al o the circuit to operate at its fu.1' capacity. In such cases design

Fchanges mya be accomplished as shown in lat-,r examples.

Curves of output voltage and power, and cryctel drive versus frequency

a, ope.ation are chown in Figs. O and U, respectively. In aditino, curves

of reqUired vaies uf B &nd tho resultant output fsvr constant values of

crbttl drive level over the frequiecy range &re presented in Figs. 2 and 1 3,

respectively. The graphs depict performance of a circuAt having the component

o Q 100
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Freq. Coil CoII Wire Coi. Turns L

11 7 ,1 Form Size Length
me - P- nce

- 3Z i/ 21 .670 101

75 11A 136-0 26 7/16 8 .360 t2u

LP L156-0 26 7/16 8 .265 125

L- - 1 V4 16 .370 5

105 Lx 136-0 22 5/16 6 .190 120

Lp Lsb--0 z22 516 5 . i,4O 120

2L 3/8 J .210 25

135 L 56-0 20 i . 4 no 165

LP L36 0 20 1/4 3 .075 110

- 24 5/32 8 .180 33

150 L k .S6-o 22 i/4 3 .090 125

L 136-0 22 3/16 3 .065 100

NOTIz Ia is wound on a 21. 1!2 watt carbon coposition roe-
Istor. The indicated cot" types for L4 and Lp are
Cambridge Therulonic Corp. forms, 0.26* O.D., 27/32
long. 136- is the part number specifying the coil
form type and e'ze. The suffix deeigmtea the core
forAulAtion.

The inductanc,, and Q of aI! ry3tal coils, 4, were
,ea-ured at 50 mc tn the Pnton Radio Corp. Q Moter, Model
.60A. The inductance aM Q of Lj( and I were meaur-ed at
their operatLng frequencies on the Boon.on Radio Corp. Q
Meter, Model 170A.

TAHLZ X - ATHO CObPLZD OSCILATR COIL DATA

.75 - me

A
I AIMO~ I1&ilA RC

I
*OUIrAV OW OI :a w I $ N ' ,~l IVe N
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' i ,values indicated In Fig, 38. The performance figures obtained from chang0e-

in cowMonent value are nmrmalised with respect to the recommended circuit

ji Ifigures. The reepiiLI,, nr.%alized graph@ are common to thie ent1re 1e to 1.50 me

g iw'quency raine, and are shown in Figs. 49 through '7 on fold-out pages 102

through 110. These graphs show output voltage, output power, and cryt.al

j drive level as a function of the values of RL, Rgg, Rkg (DC Coupled), %r

(Capacity Coupled), Rg, Rk (DC Coupled), P (Capacity Coupled), fix, ane g,

I respectively.e

Figurae 44 combines the effect on output of increasing or decreasing

RL, Rgg, Rkg, a, and R simultaneously ard by the same oercentage. ThAs

figure is obtained by taking the product of the o verage outout factors,

reoresented by the curves in Fiig. b9, 1O, -l, c3 and c4, resalting fronm the

same perentage chanp for each of the resistences.

The graph affords a check on the reliability of the design data for
Ia wide range of operating conditions. if, for example, these fire conronent,%

S are each increased by a factor of 2.0 over the rference value, it can be

seen from the graoh that the outTjt should decres~e to 8 percent of the

I reference valuse.

Resulta of circuit measurements to check this arD shown in Table XII.

SHere, two resistance factor values, 0.65 and 1.66, were used. Th's means
that the pertinent resistance values in the roew circuit are t)w at-ated

parcerages of the reference circuit values. From Fig. Uit, the corresponding

i output acors, X , are u. and L U.', recpectiwviy. A circuit was constrcted

whose components corresponded to these values and ouput was measured at four

levels of mupp~y voltage. These output meac:rements are tabulated in the

column hoadol4 Oe ". The theoretical o: nges are limted under thie colurm

headed"N'e o'  where e ° is the reference circuit output and N io the output

I 0 0
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Ciroult 75 105 135 150
C d1tc .s0 o O Oo

75 4.6 6.1 5.6 5.3 J. 3 39 2.7 .0

10 0 7.8 9.9 9.1 8.8 7.5 7.1 6.2 5.9
0 125 11.1 13-3 12.9 12.6 10.7 10.6 9.6 9.2

150 [ 1147 16.9 16e3 16.0 13.7 1 3. 12.6 11.3
I Ii75 = 9.4 7.2 8.6 6.2 6.5 4+.5 2.3 3,5

lo0 114.6 11.6 13.2 10.3 10.2 8.3 5.4 6.9
1.661 0.90

12 1 ]9.9 1.5.5 17-5 14,.7 15.9 12.3 1 8..5 i0.6

150 1250. 19.7 21.5 18.6 117.-3 157 111.3 13.2!I

?AE= III - COARI(zA OP PREDICTE AI DIAR FEW5COUC

or TE CATE COUPLED oSCIuATOR CICUIT

ARMOUR $ 5 f ACW FOU 4DATION OF I LLI INS TITUT6 OF TICHNOLOGY

ii! -1-91 -



factor resulting from the use of the informatior in Fig. h.

The effect cn, output voltage resulting from the use of different

tuhp ~ ~ ~ ... -... --n heig hng ; i rur-l r-,n 1- Figs. 4: hrousl 0S,

inclusive, where the frequencies of operation were 75, 101, l3c, anr lcO,

respectively. Each graph represents the -utput obtuined from the reference

circuit usitig the 5670 iniature dual triode and the 6021 sutminiature dual

triode. Throe 5670 tubes, having different go values, were umed. The

reference circuit c-oponent tube was a 5670 having a measured gm of 5800

micromhos for the section used in the grounded grid stage and 54VJ micromhos

for the section used in the cathode follower stage. All values of gm wer

determined with a Hickok Model 533 MNuial Transconductance Tester under

standard test conditions.

Figure 57 combines the informtion of Figs. V through 4E to show

the g neral effects of gm on output. At each frequency, and for several values

of B+, the outpit voltages for the various tubes were r-epered to the crutput

obtained for the reference circuit under the qame operating conditions. The

av.oragei of the.e values were then plotted agaihut the gm of the tubes to

obtain the given curve. Since output varies directly with the transconductance

of the grouryed grid amplifier tube section the g5, values for this stage were

used in rig. C 7.

In order to utilise these curwes for the design of the Cathode

Coupled oscillator in the desired frequency rare, examples are shown below.

Recommred military crystal types that may be used in this

application are CR-4A I and CR-56/u. The specifications on these units cover

frequncies up to and inclvding A7 mc. Maximum crystal resistances used at

75 and 105 mc were 60 ohms. Maximim resistance used at 13< m and lc 0 no

wa! 100 ohms.

AR u M 0 U P vg OUNDAT OF tINO S S TTu OF TICHN0L0G
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Although NIL-C- 109d dres not %ver rrystais operating aboe e- irc.

available unit, and L',t.5EL recomnsndat'lons indicate a maxiaum crystal re-ki-

tance oif 60 ohms up to and incliding 12< mc and a maxl~mum of 1OC oh s to l5( m.

Althoutgh good quality unlt were available for the oro~ent investtgations up

to ir0 me, one unit, which had a serlee re.-onant resistance of R-0 ohms, has

been Included in the data.

Of the crystals availatie. tne qpread in crystal resistance at

certai-n frequermiaen I- l1alted. In orcer to exmrd the range. resistor

networks were used in the circuit as substitution elements and Oerformance

uasuroments were made. Where -*sstor networks were used in place of existing

cryeta ., no aroreclabie crange in ve.tage was noted, Provided proper

reactive ccepensat-i--, of the relgtors w" made. In this manner, a wide range

of crystal resistances were mde availab.e triroughout the frequency range.

a. CircuIt Desex-. Examle and Use of Cure.

Tn illustrate the use of ", e desin grapritm, the following example is

given, us.7g the format I Pait A.-.e.

As-ume an oeci .>atoi ,.= to re lesilgne having toe fo lowing circuit

-n tff...?!nme r.quiroointA#

f - I "Ic

B. - icO volts

R, - 4OO0 ohms

The 2.C my drive level flgre La determined from general KilSpecs for crystai.

in this frequency range, or from considerat-on of frequency stabll.ty for

those units not given X :L( C98B.

- 1-97 -



Reference to Fig. 40 shows that at a frequency of 10' mi ar, a B+

of 100 volts, the output of the recomumnded circ t is approximat 10,<

volts rme. The crystal drive from Fig. 41 , is fou-i W be 1.5 i=. With -,i.

required load of 4000 ohms, reference to Fig. 49 shbm that for X' -4o00/5CX-)

0.8 the normalited output and crystal drive factors, I', are 0.8f, each, where

5000 ohms is the reference circuit load resistance. This means that at the

required load of 4OO ohms, the output ill be 10.5 x 0.86 - 9.0 volts and

the drive will be L.< x 0.86 - 1.28 w. Since the nominal allowable crystal

drive is 2.0 see it may be desirable to investigate methods of increasing

available output an t4ak advantage uf the drive limit. This may be done in

several ways, of which examples will be presented here.

One method dependE on the variability of the plate supply voltage.

If rhe B- can be changed, then Figs. 42 and 143 are used. For a drive of 2.0 set,

it can be seen from Fig. 42 that the B+ mut be 106 volts at 105 mc. From

Fig. 43 it is determined that the output voltage is 10k; volts for this level

of drive. However, this is for the reference circuit. in order to account

for the lower load of 400 oms, R' - 0.8 and it - 0.86, as shown in the

original example above. Since operation at 4000 ohus lead reduces the drive

by 0.86, a B+ value must be found which would drive the reference circuit at

2.0/0.86 - 2.33 Nw. This occurs at a R+ of approximately 108 volts, foun-d by

use of Fig. 42. Under these cnnditions, the output is 115. volts. However,

the output at a load of 4000 ohms would be 11.5 x 0.86 - 9.9 volts.

A second method depends on the normalised performance curves. To

deterrine wlich curve is applicable, a review of the circuit clnditions is

r-quir'd. With the stated load the drive level is 1.28 m, as determined

a&ove. it is desirable Lo false this t,-,to no-ir-l e- of 2=0 N. N' is

then 2.0/1.28 - 1.56. It is necessry tc find a component whi'h, whez. changed,
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vil ir ra.* the drive to this level and alo inci'sace the aratiahbe ouliut

T .It 0 .o Inwerction of the ryornalired curves h~w-v that the only cnronent

caw*ble of tiM.g, ,-- i -':g 0 (DiC Onulold). rig. <1. The N' . 1.r6 factor

can be obtained at N of 0.6, or 200 x ,).6 - 120 ohae. ?he output factor.

N', in f-und to be 1.2. The resulting output voltage is then 9.0 x 1.2 - .0,

volts. The other components either decrease output with an Increase in

crystal drive or provide negligibly small perforance changes.

Comprison of ethod= in this case shows that a change .n B. produces

the greater output. Similar methd may ot epplied in those instances where

output roltage or power are to remain fixed. A generalised outline of the

design procedure is given In Pert A.3.e. FIov-,er, for this frequency ranger

performance of the reccemended circuit is determined from rigs. 14O and Ll. and

design changes may be made by reference to Figs. 42 and 3, and/or the

normalized curves.

f. Additional Performance Characteristics

Several additi naI nerfnomarce characterintics have been determined

and are nrqeented here. The first of these is tho stability ch-.iacterletlo

of the Cathode Coupled oscillator in the frequency range of 7 to !S0 mc.

Table XIII shows the fig-res for stability with changes In B. and filaant

voltage. The correlation figure is also given for a range of B* and crystal

resistance values. Thre, cry-t Is operating at each of four frequencies, 75,

105, 135, and 150 me are showrn. The definrtions of Lfs. etc., as used here;

[ "have been discussed in Part .l.f.

A second performance characteristic is the change 4n frequenci with

variationn in temperature (see ]ip.. 21 through 24). Complete specificatona

on the crystals are not available for this frequency range, however., for toe

-5°c to 90
0 C range, a maxinum noen nal deviation of (0 ppm for the crytsal

I - IC 1-l9 -r1 01 1 C,,
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is assumed. Typical devtatiors from the mean values encountered for the,"

iviits art between 1, and 2Z ptM. Temserature coefficients of circuit component

parts will cause the operating frequency 1o deviate furxtwr. Clrc...

temperature-frequency variations are less than hO ppm, and when combined with

the maximuw crystal unit deviation totals less than 90 ppm for typical

c nditinr:r. Inclusion of variations dra to ten percent B- and filment

voltage chang-s raises t 'is figure to a maximum of 100 ppri. However, t)pical

operatinn yields values that are less than 75 ppa.

Harwinic content in the output of these circ,,It. 1s :'ieiiar in

charaeteristics to those foxrW for the Orounded Grid oscillator, discuskied

In Part A.l.f., where detailed information is found In Tabls V1 through VIII.

1.
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AVMXRSOXLIT CRYSTAL OSCILIATCR CIRCUITS

COLPrrlS

SUCTRON COUPIfl COLITIS

KIfLL

0.8 5. mc u

3A.1 '2- m



1. C0LPITTS (OUdM PLATS PlU=) GCILLATCR CIRCUIT - O8-20.0

The Colpitts, or Oromwled Flats Pierce, antirsu naM. " Iellatc;

consst@ of a singlb triode amplifier stage. Th* plate is to grounded and

tba ''tput is developed across the cathode-to-proud circuit, which i- con-

posed of an inductaws &W a bias resister. Feedback is accomplished by the

capacitance from cathoe to grid. The crystal is connected between grid and

1c-ovad; grid bias in developed with the grid-to-ground resistance and the

crystl load capacitance. Capacitance across the crystal, together with that

of the voltage divider, povides th required capciti e load for the crystal.

'.3-MilSpec crystal units, this value is specified as either 20 or 32 ufmd.

TIa most commn value is 32 fd avd is the sm used in the circuit described

below. The antiresonant tank circuit is composed of this load capacitance

and the equiralent inductance of the crystal.

a Circuit Description

The circuit diagram of the Colpitte oscillator reeomnded for

operation in the 0.8 to ?0.0 me frequeny rsiage is shown in Fig. 58. Tne

only Prffical coil in the circuit is Lk, for which nominal values &re shown

in the figure. The values of C', C , and C3 designate proeical ca?acitors.

The method of dete-wirtrng these values is outlined below in the subsection on

'UIit al Circuit Alignment Procedure.*

The reference oscillator circuit, to which all performance and

design data is coemped, uses one section of a 12AT? miniature dual triode

tube with a nominal % of 5500 Wahos. All resleitance, bvpx.s, and decoupling

componnt values sre shown in "i,. 5'. T h load resistance is 10K oh.

C i 21.25 mmfd (15 mfd * strays), C is -12.00 wfd (10 wd + strmy) a'
_
d

C3 is 71,.50 Mfd (47 mzfd * l5 =dd circ J't load capacitance * stray,).
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,heme values yield the ratios - 21.25/2 O.66 ad C3/C 2 - 7.50/2 - 6.2.

b. Co u .r-t a-r.. Circuit Construction Details

The prsal cmpanant types used in this circuit are described in

the first and third paragraphs of Part A.l.b. The effects of lead dress and

stry circuit cap.c4itarcoo ae not as important hare as 'aey -re at the higher

frequencies, except as they effect tha values of the grid circuit load capacity

coeonation. Howeer, good engineering practices in circuit construction

sh-uvld be follemod.

a. Initial Circuit Alignment Procedwe

This circuit does not involve tuning as normally considered, but

does require adjustment of the circuit capacitances to provide proper values

of crystal load capacitance and feedback ratio. Once this is done, the fre-

quen-y can be changed simply by switching in the proper crystal which will then

cillate at ite fundamental frequency. The ratio of C3 to C2 u d in the

recomended circuit is 6.2. The test equipsnt required is a Boonton Radio

Corporation Q Meter, Model 16CA, or equivalent means of capacity moAwr-ement,

The procedure follow..:

1. Select a fren.qenev for masurement at the approximato mid-frequncy

band of the oscillator.

2. Connect rigidly supported clips to the capacitor terminals of tm

QMotor.

-. tl.,. zr. indutc that ril ra-.qt with ac~vroximtely 100 wed

at the frequency setting of Step 1, and place in the coil terminals

of the Meter.

j. Attach or of the clips to the grcMned side of the crystal rocket.

I iMake srue the crystal in remhoved from the socket. Place the other

I i ,.,,oIm I oI , T. Ut o T I I OLO T
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clip ear, bt not touching, the other crystal socket terminal.

5. Shrt C3 (cathode to grouu) with a short piso n wire.

6. T rn on Moter and adjust the min capacitor dial for a peak mter

readine. This mst be dam with accuracy. Note the ceaeIteioe

dial reading.

7. Attach the free clip lead to the crystal socket tel-winpl eM repeak

the otoer reading. Note reading of the capacitanoe dial . The dir-

ferenon betwon the two radinS is 6C a

8. Repeat the procedure with C2 shorted. This capacitanoe difference

is A%1.

9. Plaoe Meter leads from cathode-to-ground. Repeat the procedure with

C1 shorted. The resulting capacitance differe is ACe .

10. Substitute the dIfference readinrs into the following fc wlae to

obtain the desired capacitance values.

C1 - (&a - &Cc & a)/1

c2 - (aca -ac b A c )/2

C3 - (ACe - ACa  b)/2

11. The idividual circuit capstitances Day now be hdjusted by adding

or ewbetracting known capacitance values.

12. The valw -f load capacitance, may be found by simply measuring

the grid-to-round capacitance with crystal removed and no shorting

wires present.

d. Circuit Performance Characteristics

Perforance curves for the r)lpitto ocillator in thu ranges

0.8 to 5.0 a" 3.0 to 20.0 me are shown in Figs. 59 and 60, repectively.

Oscillator output is given in vol-aagacycies (product of ran voltag and

frequencry in mgaycles). The range of equivalent antirasonal.' crystal

A Io It & 9AI C F 0 H AI, .D 
T

I F



7

24

Iio

00

0 9

1~ ~~~~ *c.AV __

Ld __ _ _ __ _
_j ANEO

301000

0 RAG 4OF 2 4 i
CRYSTALCRYSTA RESLITANCE

aA u - - -7 -0 614 1



=r T-- I.

28

~247

0~ 12 ___

CRYSTALTA RESISTANCEATT

FIG ~ ~ ~ ~ ~ ~ I 6. R PEFRACHRATRSISO
THE~~~ COPT OSCLLTO

D 3.0 2-20 1C

50 10-i 70



resistances, Re, is shemn in each figu-. Oscillatoa performanee at 10 m

e- e Lt Inn of R R L. L. C.C.. C .. and tube type ise hown in Fige. 61
e K L V. 3 C

through 66 respectivmly.

Application of these cuwves to oscillator circuit design is shown

in the subeection below.

e. Circuit Deijgn zmcgles #ad Ue of Cures

The Colpitts oscillator circuit shown in Fig. 56 i.e designei to

operate ovsz the frequenoy range of 0.8 to 20.0 me with the indicated com-

ponent values and provides large output voltage to crystal drive ratios The

performance characteristics shown in Figs. 59 and 60 can be used directly in

predicting operation of the circuit and, together with the other performance

curves, can be used to design additional ColAtts iircuits meeting specific

performance requirements.

An .zajple of the use of these curves is shown here. Assm an

oscillator is required to operate et 7.0 me and have an output of 2.25 volts

rue across a load of 5000 ohm The av&ilable power supply will provide 150

volts tt 30 ma. The crystal should be selected from the preferred types whoseo

specifications are given in KIL-C-3095B. Of the available unI.ts, t.. CR-i8A,

Ci-27/U, amd the CR-36/*U cover this frequency range. Other characteristics

of the crystal should be )ept in ai, naley, recommended maxium crystal

dr've level. (ten mlliatts for the type eed here), effective resistrne, &tc.

The first Ca4p toward the actual design of the oscillator is the

S computation of the volt-magacycle product. In thie examle, the poduct is

r, 2.25 x 7 - 15.75. Referring to Fig. 60, draw a horizontal lize from 15.75

i on the volt-magacyti scale. This line inuersects the B- - 150 volt lie at

T a drive Ievl of 3.0 im, obtained by Drojecting i vertical lime from tre

o . U P k A C . . OmF0U N nA T I oN C) F 0 - 5 ! NS T T ? OU -j 0 T4 (H QL 0G V
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intersection down to the crystal drive scale. Iy daw .intla ur , veicals

from the ends of the 150 volt line horisontally Aut vertic&a.y, the r.-_v of

output@ and rystal drives my be obtained for varing values of entire..'it

crystal "euistanszs. Yoe the esm of 7.0 me, the outet range. from about

2.0 to 2.6 volts and the oreresponling drive levels from 1.3 to 4. 2 w. TItW

reference circuit mel.. these, specifieationo san operated at a late sply

voltau-% of 150 volta.

Cireuit .vmforaance with tre use of other tube types or changes in

component values can be determined from the use of Figs. 61 throuuh 66. These

aodificattions may be necessary when the decired output cannot be obtained with

the reference circuit, or when another tube type is preferred due to lsie or

powe coneiderations. The design unthod m also be ud when the oscillator

requir.,mnts fall outside the perfor&-e. of the reference circuit. The fol-

lowir4 is an exaplo illustrating the me at this method.

Assum that this am cirouit, operating at 7.0 me, is to have an.

output of 2.8 volt, across a 5000 ohm load. The power supply again provides

150 volta at 30 ma. The new volt-magacycle pr-dnct is 2.8 x 7.0 - 19.6.

The pltc-cittg required for the reference circuit is approximnately 175

volts, from Fig. 60. Therefore, the circuit coramaters mst be modified to 7"

conform with the available pow supply voltage. Several methodr wJL. be

indicated.

T- dzzl-i- c~rer tof Fir= Al' theoush 66 indicated Dsrformamte of

the reference aircuit at a frequency of ten megacycles with changes in circuit

prarteri. However, the percentage change in performance with variations in

circuit caqponmnt or pramtr value in aproxiaately the same for all fie-

qp is;ies in the 0.8 to 20.0 me ranr', Therefore, those c a may be used at

a aoU RiSA*C Fkc Do 1Wo 0F I LISLSNO'5 IITUTi O1 T 6 C OOG I
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the desired design frequency, keeping ir ainm tnat the resulting voltages

~ and drive levels derived fr-ow these curves ar-. !-elat,1ve *~ rd y. a,, w'

alwys be referenoed to the original curva (?141s., F and 6U) for ue in.l

perforJweuo value.

The desired p-erfarnanoo in ths design ene way be obtainad by

£using a 41ferent ta-bs type. Figure 66 shon the output and crystal drive

characteristics obtaind with a oer of tube types. Construct a horizontal

line passing through the intersection of the 120T7 output voltage curve and

the 175 volt plate supply point. This yields a raletive output of 2.0 volts.

Intersections of this line with the various tube output curves show that the

san output way be obtaied with a 12AU7 or 5636 at 108 volts, a 6A6 at 115

rwvlta, a 605 at, 18 volta, or a 6AU6 at 162 volts. The pentodes are triode-

connected for ise in this circuit. The output roquirena could be not by a

V58h0 or a 6AZ5 oeratin at loe than 100 volts. the exact voltage being ob-

taimd by extapolating the prope eu--o. Looms the selection of tin 5636,

operating at 108 volts. The relative drive at this voltage, obtained from the

upper graph of Fig. 66, it h.0 ,.

If the 150 volt supply is usud, a higher relative output (3.1 volts)

and drive level (8.5 n) is indicated. If the actual outrut is to remain fixed

at 2.6 volts, the 5636 may be ueed at a Be of 150 volts if various circuit

j odifications re made. This can be acomplishod uy changing the bias resist-

S atne, load resistance, the capicitiv ratio C 1/ Cv, or C1 .

I Generally, it L-e not desirable to vary the bias resistance values.

The reeoended circuit values should be used whoie posib0e.. However, Fig.

61 shows that for operation at ten megacycles, increasing the value of R

d!C ,5SOt 1 .... ~ ~
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coiu nt varies aprox iat.4ly inversely with frequency, a higher value of

R would be required at 7.0 me. Unfortunately, for the purpoe of the designUI

example aid hex at the ,-quired value of plate supply voltage, the output

could only be reduced at thi expense of an excessive increase in crystal drive

level. Inspection of Fig. 62 shows that this to aleo true of changes in Rk .

At a fixed B vol tags, decreases in the load resistanme will decreaee

output and dive. Zxandna-ion of Fig. 63 show that the desirod reduction of J
tm o-utput .vltage my be btaIned by .- ducig the loa resistanoe Nue the

reference value of iO,O00 o--hm to two or three thousand ohmo. B-over, the I
design requirenents call for a load of 5000 Ohn. If this is to be mintained, ,

another -,,hod of reducing output must be investigated.

The caiacitance ra&tio, C 3/C 2 , can be changed to obtain the desired

results. Iffects on perfa-mance of this paranater are shown in Fig. 65. Draw
1"

a horisonti-1 line through t.be intrsection of the output voltage cuwv and the

r"emended value of C 31 2 ' 6.2. This shows a relative output amplitude of

0.09 on the left scale. ?-on Fig. 66 it is determined that a circuit using

the 5636 tube will have a elative output of 2.0 volts at a 1 of 108 volts,

adtl utsp-at-nAl inris to .1. ... t. (or by - at-m"- of 15)W!h.Y trw

plate eupply voltage is imreased to 150 vltr (the required value). To

obtan the desired output at 150 volts, t e relative awlitude of Fig. 65

"t he decreased by S'a f-actor, or 0.09,/1.5 - 0.058. For this relative

amplitude, the requirad uselty .-. tic' l~a !.,y . ? determi=

the actual values of capacLty -equired to obtain this ratio, the following

procedure applies.

The ratio C 3/t 2 -8.0 and the value of C t - 32 mefd must be kpt

constant for these crv tal units. by teepirn the combrind capacitAce of

S HOU i . R FU N I L . .- % I%''u C l CI4G 4 0 L-iG-



C and C at the recoem,ded value of 10.75 ,=d ( 2 , C need not be

chaed. ThreT . , molution or the following equation wll provsde the

m valv for thee two capacitors.

3, 2 - 8.0

2C 3 32
= = 10.75

Therefore, solution hows that C2 - 12.1 md and C - 96.8 sd. With theme

P. valu of capacity ar a 5636 tube operating at 150 volts Bo, the circuit will

,uey an output of 2.8 volts rem at a drive originally determined from Fig. 66.

in the range ef 2.0 to 5.8 me to yield good stability.

rI Whe low drive level is a major consideration, reducing the ),stput

volta by the prwviously doscribed techniques will reduce the pow dissipated

in the crystal. For best frequency stability a crystal unit should not be

operatod at a ainiwas drive lel,. i.e.; where the osecillatiorn are on the

vwrg of becoming errAtic. This value in below a fow tenthe of a millivatt

for trp. al antirsaomnt unit.,

f. Additional Performance Characteristics

eral other oscillator performance characteristics have beenJdetorimd and re presented here. Stability characteristics of the Colpitte

entire frequency range of interest. Yo appreciable change in fre uency can

be noticed for a 010 percent changis in the fila- nt voltage. However, values

Of Afb range from 0.5 to 1.0 ppm for #10 percent change in -4, o ver a plate

supply voltage range of 10O too 250 volta. The effects of C3 o re

iL L I - -1 1. 11-11 - 1 C.. LI 1ii



shovn in Fig. 6. t

Cry al unit specifications for this frequency ran.e call for a

maxim deviation from the nominal crystal freque cy of 50 ppm throughout tM

temperature range of -5t to +906C. Changs from the man frequency on-

countered for typical units are about 15 pn. Circuit temperature-frequewy

variations, due to temperatare coefficients of the component part., account

for some 20 ppm, and wheni combined with the maxiam crystal unit deviation,

t+t.a lesr thin 70 .pm. By includL4 the effects of B+ and filament voltage

variations, the maimum deviation in frequency in raised to about 75 pps. I

However, under typical operating conditions, this figure Is less than hO pp.

Cystal and circuit frequency charges for typical operation at 10 me are sbow

in Fig. 67.

The actual operating frequenry with respect to the artireson-t

frequency of the cryatal unit is dependent on the crvwtal load capacity. For

typical, omercially avcailable capacitors, t1 cirrult will operate within

-T;; to ten Darts per nhllion of the antir sonant frequency.
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2. Tmi=W COUPIE COLPITM OSCILArOR cUCuTT - 0.8-20.0 mc

The Klectron Coupled Colpitte antiresonanu oscillator consists of

a single pontode stage. The w rn grid zct Se t n_ ,wel lator ade and Us

output is obtainpd from a tuned coil in the plate circuit, effectively

isolating the oscillator -'rtion of the circuit from charges in the load circuit.

.n all other respects, this circuit Is the same as that of the Colpitts oscil-

lator discussed in Part B.1.

a. Circuit Description

The circuit diagram of the Electron Coupled Colpitts oscillator

opez ating in the 0.8 to 20 ma frequenny range isa hown in Pis. 68. Deelds

Lk values for vhich are indicated in tho figure, the other coil required Is

e, t plate tank indutance. Generally this coil is fixed tuned 1.o the

desired frequency in coabination with a variable capacitor in the plate cirsait.

The coil may be made t resonate with the stray plate circuit capacitances;

however, the size and Q of such a coil might be prohibitive. The values of

CIO C2, and C3 may detaml red from the discussion on 'Initial Circuit

Alignment Procedure,, Part B.l.a.

The rec menoed oscillator circuit uses a 6AV6 miniat%-* nentode

tub with a noumial g. of <O umhos. The load resistance is taken an IN0R

ohms. All other resirtance, by asq, and decoupliW component value are shmn

in Fig. 68.

b. Coponent and Circuit Construction Details

The general component types used In this circuit are described im

the first and third paragraphs of Par' A.1.b. ani Part B.l.c. The tube socket

is of the miniatue seven pin phenolic type, with shield b..

I
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c. Circuit Tunin Procedure

The only elements tWich are adjusted during circuit operation are

the plate tank cIrcuit components. The circuit in adjustd for peak output

by tuninig Lor CP, whichever in variable,

d. Circuit Perfor.ance Cnaracterintics

Perfonancf c rvep for the Electron Coupled V 'plttp ^ illetor

operating in the ranges 0.8 to 5.0 mc and 3.0 to 20.0 mc arm shown in File. 69

and 70, rswect-vely. The Performance due to ccuponent changes effected in

this circuit will follow the trarde shown for the Coloitts oscillAtor, do-

secribed in Part B.l.d. and a.

e. Circuit Design Considerations

Specific design examples for the Electron Coupled Colpitte oscillator

are not given hern, since ttdi i. essentially an extension of the design pro-

ceduree discussed in Prt B.l.o. on the ColpiL.: oscillator. Certain charac-

tenrslcs of the Electron Coupled Colpitts oscillator must bd mentioned,

however.

in urda.- W aiura the indep ,-nde- ,. of the c!!&i~lator operation fram

plate voltage variations, the plate supply voltage should be made samewhat

larger than the screen voltage. The difference between these two voltages

I should be larger than the peak !ving of t .z ac output signal in order to

I insure th the instantaneous plate voltage is aluays positive with respect

to the sc-Ven voltes.

SIi In addition, greater isniatin and frequency stabilit, of the circuit

may be - tained by connecting tht su1mnressor to a vostive bias source, the

value of vwch shouLd be snroximately oual to the de cathode voltage.

Ii
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!s the plate circuit is tuned through resonance, the available output

voltage is greter bj about )0 perent, when the supressor grid is tied to the

plate, rather than t4 a positive bias rourcve However, for frequency change

with change in tuning, the plate conr.motinu results in a freqiency change of

about 20 ppl, while the bias connection results in changes of only two or

th,.r nart. nor million.

f. d'itional Perfrmmno Characteristics

rrequaney stabillt? cf 1. ;Ictron Coupled Colpittz, otcillator with

changes in plate supply voltage is quite good, averaging les then 0.8 ppm

thrughout the 100 to 250 volt st range. Frequency stability figure: with

changes in filament eu ly voltage are on the order of a few tenths of a part

per million.

Frequency stability with cha ges in tempsrature are comparable to

t.he fir-@@. nbtaimd for Colpitts oscillator, diecussed in Part B.l.f.

I!
I
I
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3. TS XILLEU OSCILATOR CIRCUIT - 0.8-.20.0 W

The il.. oscillator consists of a triode or pentode amplifier

stage, where feedback is accomplic,'. throig the plate-to-grid capacitae.

In the case of de 4 operas .'n, this capacitance is mall and usualiy neces-

sitater t;J addil.na of pktical capaui'y for rfficiznt feedback. The required

20 or ' -S cryet- l load capacitance for typical military crybtal units, is

coirpoced of the grid-to-ground capacit~nce and the effects of tka pla".-to-grid

capacitan e. The plate-to-grid capacitance is a function of the gain of the

tuba because of the well known Miller effect. The proper circuit phase condi-

tion for oscillations and best frequency correlation and stability occur when

the plate circui tining element is tuned to provide 70 percent of peak output

by 4ecreasing capacitance or inductance so the resultant plate impedance is

inductive.

a. Circuit Description

The circuit diagram of the Miller oscillator investigated for use

in the 0.8 to 20.0 m frequency rare is shown in Fig. 71. The use of a pent-

ode in this circuit requires the addition of about five mmfd, to the grid-to-

plate capacitance for proper operation.

The recosmended circuit u6es a 6AU6 miniature pentode with a nominal

transconductance of 5000 Pkhos. The load resistance is takt'n as 100,000 ohm.

S5ypass and decoupling component values are as shown In Fig. 71. The plato

tuning elem-tnt y b an inductor, howver, because of the physical uisee

Iinvolved, it is advisable to lies a fixed iru-tarte shunted by a variable

capacitor.

i i eneral comemntp on component seleution and circuit construadtIon

1--137
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practices are contained in t. first and third paragraphs of Part A.I.b. ad

in Part B.l.b.

c. Initial Circuit Adjustment and Tvin Prc,edure

The basic adjustment of the circuit consists of obtaining the re-

quired crystal load capanitanc.. ?., frtay c.naritance fra grid to ground

,i O.-ui 6 Aed fmr typical con u,ctior. This is padded by the additicn of

16 lard to a total capacitance of abo,,t 22 Lmfd. The plate-to-grid capacitance

is siall and uu-i be padded to obtai-: the re, _iwwr& reqsxt. With a grid-to-

DApe gain of two which is typical for ihio circuit, this capacitare mast

-.' total five mfd, and the crystal load will then be the necessary value of 32

mmfd. For mcre accmrate determination of the capacitive load, another method

is used. The crystal is tested in a standard Crystal Impedance meter with

the proper capacitive load and the frequency it noted. Wran placed -,n the

Miller circuit, the capacities are adjusted to obtain the sam frequemy under

Sthe recomeded tuning conditions.

Nuing of the circuit consists of adjusting the plate impedance for

an outpet of 70 percent of the peak reading, on tn iductive side of tuning.

d. Clault Perfor-a-z- C -a ristic-

Curves of output and crystal driva versus frequency of operation for

I the ranges 0.8-5.0 mc and 3.0-20.0 mc are shown in Figs. 72 and 73. These

g graphs depict performaz% of a circuit having the componont ark, circuit parame-

St~er rnio ,-s icst .. ir. Fig. 71. Dteiga lio.tion on 1nt; c u i n"t

giver, since extensive investigation of the oscillator has not been made.

However, some performance characteristics may be elis,:usoed. Certain circuit

I parameters of the Miller oscillator have effects on performance similar to
i ] th:-_ " Ocpit's oilto.T'i-Be include the Values of R, an,

- i.1,4,l-A' -~ . *-a



30

25

05~~~ +LIL11 - 17 V

10 L2-Q

T--f +I-

0 2 3 '

FRfQUEAJCY - MC

PF~ifOFNANC CHAH\CIL R-l' TICS OF

I0 C



35 -7

±30

.11 1 )



ft Arvye of Part 5.3.*- uPecificallY thOs - rapapba referrimg Io cL-crit

ce venent veriationa, uhorld be wade.

The stability of tiw cicUt with 410 percent cbsng in tL.

Ol-Uge aw~rages lea@ h a ;7- - -wrW1 .;7 4 vz muj r 07- t

voltage. used. andi is t~piea1 for the frequsbey raws . Correlationi figues,

hl-vei; dePend On the valm~ of the crystal load capecitane a&M Nao vary

according to the aceurazy vitki which. this parmatewr is selocted. trviuncy-

tstmrtr wariatiou rm &-- omaraW~ too thoee discussed for the rolpitts

,)sctllator in Part B~l.f.
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